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AIBN    2,2'-azobisisobutyronitrile 
 
acac    acetylacetone 
 
Bn    benzyl 
 
Boc    tert-butoxycarbonyl 
 
nBu    normal (primary) butyl 
 
tBu    tert-butyl 
 




Cy    cyclohexyl 
 
DBU  1,8-diazabicyclo[5.4.0]undec-7-ene 
 
DCC    dicyclohexylcarbodiimide 
 
DCE    1,2-dichloroethane 
 
DEAD    diethyl azodicarboxylate 
 
DIBAL                          diisobutylaluminium hydride 
 
DMF    N,N-dimethylformamide 
 
DMAP    N,N-dimethyl-4-aminopyridine 
 
DMSO                    dimethyl sulfoxide 
 
   
 
dppb    1,3-bis(diphenylphosphino)butane 
 
dppb    1,3-bis(diphenylphosphino)ethane 
 




KHMDS Potassium Bis(trimethylsilyl)amide 
 
IPNBSH    N’-isopropylidene-2-nitrobenzenesulfonyl hydrazine 
 
LDA                            lithium diisopropylamide 
 
Me    methyl 
 
Ms    mesyl (methanesulfonyl) 
 
Me                          methyl 
 
NBS    N-Bromosuccinimide 
 
Ph    phenyl 
 
Piv                             pivaloyl 
 
iPr    isopropyl 
 
SEM    2-(trimethylsilyl)ethoxymethyl 
 
TBAF     tetrabutylammonium fluoride 
 
TBAI                           tetrabutylammonium iodide 
 
TBS                            tert-butyldimethylsulyl 
 
   
 
Tf    trifluoromethanesulfonyl 
 
TFA    trifluoroacetic acid 
 
THF    tetrahydrofuran 
 
TIPS    triisopropylsilyl 
 
TMS             trimethylsilyl 
 





































































































2013年、Baranらは(+)-ingenol(11)の 14 工程での全合成を報告した 8(Scheme 1)。(+)-Ingenol





づき、連続した 5-7-6 員環(15)を形成した後に転位反応を行い、僅か 10 工程で歪みのかかっ
たビシクロ[4.4.1]骨格(16)へ導いた。その後の官能基化によって 14 工程で(+)-ingenolの全合







 Scheme 1 
また、著者の所属する研究室では、複数の多環性天然物の全合成に Pauson-Khand(型)反応
を応用している。例えば、入手容易な L-酒石酸(17)より導いた光学活性エンイン体 18を用
いた Pauson-Khand反応によりビシクロ[4.3.0]ノネノン体 19を合成し、共通中間体 20から 5






































































その 6 年後、fawcettimine 型 lycopodiumアルカロイド合成の改良法を報告した 13。即ち、
エンイン体 26 を基質とした Pauson-Khand 反応によってジアステレオ選択的にビシクロ
[4.3.0]骨格 27 を構築した後、エキソメチレンを立体選択的に還元し、上記の方法では導入
に多段階を要していた 15 位のメチル基を効率良く導入することに成功している。その後
























































ルボジイミド体 34 をジコバルトオクタカルボニルと処理して esermethole (36)と



















功した。アザビシクロ[3.3.0]骨格を持つ興味深い化合物に roseophilin (44)がある 15(Figure 5)。
















































































る多重結合を利用したヘテロ Pauson-Khand 型反応の最初の例である。その後、1998 年に








 アレンは炭素－炭素二重結合が連続した 1,2-ジエン構造を有しており、両末端炭素が sp2








アルキン体 53(n = 0, 1)の Rh(I)触媒分子内 Pauson-Khand型反応により、ビシクロ[5.3.0]骨格
54(n = 1)が効率的に構築可能であることを報告している 18。また、アルキンをアレンに変更
したアレン―アルケン体 55を用いた場合も良好に反応が進行し、ビシクロ[4.3.0]骨格 56(n = 
0)やビシクロ[5.3.0]骨格 56(n = 1)が得られることも見出している 19。更に、両多重結合成分
をアレンに置き換えたビスアレン体 57の分子内 Pauson-Khand型反応では、環サイズのより
大きなビシクロ[6.3.0]骨格 58 (n = 1)の構築が可能となり、最大でビシクロ[7.3.0]骨格 58 (n = 








いる。Kang らは、アレン-アルデヒド体 59 やアレン-イミン体 61 をジオキサン中で触媒量
の Ru3(CO)12と共に、20 気圧の一酸化炭素下で加熱したところ、アレンの内側の二重結合が
選択的に反応して、対応するγ-ブチロラクトン体 60 及びγ-ブチロラクタム体 62が得られ
たことを報告している








カルボジイミド体 63 を化学量論量の Mo(CO)6と DMSO 存在下、トルエン中加熱還流する
























あり、これらの報告は、Hegedus 著の「Transition Metals in the Synthesis of Complex Organic 

















いる。例えば、ジイン体 75 とニトリル体 76 をカチオン性 Rh(I)触媒と処理すると[2+2+2]










 集積型二重結合であるアレンが Pauson-Khand 型反応に高活性であるという知見を踏まえ、
分子内にアレン及びニトリルを有する基質を設計し、環化反応を検討することとした。基















に増やして反応を行ったところ、収率は 74%に改善した(entry 4)。最後に 5 mol%に触媒量を
減じて検討したところ、収率 24%と大きく低下した(entry 5)。20 mol%の触媒を用いたとき
には若干の収率の向上が見られたが、20 mol%は触媒量として多いため、10 mol%を最適条
件として以降の検討を行うこととした。 


















質 86 を用いたところ、収率は 79%に向上した(entry 2)。クロロ基を有する基質においても









ンジオキシ基を有する基質 106 やアレンのパラ位にメトキシ基を持つ基質 107 を用いた場
合においても遜色ない収率で目的の環化体 119、120が得られた(entries 9,10)。一方、電子求
引性基であるニトロ基が置換した基質 108、109 を用いたところ、反応はそれぞれ 30 分で
終結し、良好な収率で環化体 121、122を与えた(entries 11,12)。最後に、一置換アレン体 110
を用いて環化反応を検討したが、目的の反応は進行するものの低収率に留まった(entry 13)。 



























し、ニトリルの α 位にメチル基が一つ導入された 124 を合成した。続いて、モノメチル体
124を LDA、ヨウ化メチルと処理してジメチル体 125 へ導いた。o-ヨードフェニルアセトニ
トリル体 124、125をプロパルギルアルコールとの薗頭反応に付して 126、127 へ誘導した。
アルコール体 126 をメシル化体へ変換後、有機銅アート試薬との SN2’型の反応によってメ
チルアレン体 128 を合成した。また、アルコール体 126 及び 127 をスルフィン酸エステル
体へ誘導した後に、ヘキサフルオロアンチモン酸銀と処理して
33[2,3]-シグマトロピー転位








 以上の様にして合成したアレン―ニトリル体を基質として Pauson-Khand 型反応の検討を
行った。まず、ニトリルの α 位に一つメチル基を導入したアレン―ニトリル 128 及び 129
を、10 mol%の[RhCl(CO)dppp]2と一酸化炭素雰囲気下、トルエン中加熱還流したところ、そ
れぞれ所望の反応が進行し、閉環体 135、136が 68%、35%の収率で得られた(Scheme 17)。 
 
Scheme 17 
 一方、ニトリルの α位に二つのメチル基を導入した基質 130を用いて Pauson-Khand型反
応の検討を行ったところ、目的の[2+2+1]型成績体 139 は全く得られず、代わりにピロール
環を有する三環性化合物 137が 19%の収率で生成した。また、スルホニル基を二つ持つ 138










ルアニオンを生じることが知られている。そこで、Padwa ら 34や Ruano らの報告 35を参考
に、アレン体 130を PhSO2Naと 15-crown-5の存在下トルエン中室温で処理して、反応を追
跡したところ、まず 138が生成することを TLC 上で確認した。次に反応温度を還流まで上
昇させたところ、三環性化合物 137が 34%の収率で得られた(Figure 8)。よって、この反応
の機構を以下のように考えた。まず求核剤(-SO2Ph)がアレン中心に攻撃し、アリルアニオン
i を生じる。次に、生じたアニオンがニトリルの炭素へ求核攻撃してイミニウムアニオン ii
が生成する。その後、反応中間体 iiのスルホニル基の 1,3-転位によって中間体 iiiが生成し、
プロトン化と異性化によって 138が生成する。一方加熱を行なうと、中間体 iiiからスルホ
ニル基の脱離を伴う環化が進行し、137 が生成したものと思われる。また、中間体 ii 及び







が結合したアレン―ニトリル体 133 及び 134 を用い、Pauson-Khand 型反応の検討を行った
(Scheme 19)。いずれも、ニトリルからケテンイミンへの異性化が起こりえない基質である。
まず、メチルアレン体 133 をこれまでと同様の条件に付したところ、目的の環化体 139 は
得られず、複雑な混合物を与えた。また、スルホニルアレン体 134 を用いた場合にも



















リルの α 位に水素の pKa を下げうる置換基を導入すれば、ケテンイミンへの異性化が促進
されるのではないかと考え、アレンとマロノニトリルを分子内に有する基質 144 を設計し
た。144は、既知のアレニルアルコール体 142のメシル化と、それに続くマロノニトリルと
のカップリングにより合成した (Scheme 20)。 
 
Scheme 20 
 合成したアレン―ニトリル体 144を用いて 10 mol%の[RhCl(CO)dppp]2と、一酸化炭素雰
囲気下、トルエン中加熱還流する条件に付したところ、32%の収率で目的の閉環体 145が得
られた(Table 3, entry 1)。続いて、収率の改善を目指し、反応条件を精査した。反応溶媒(entries 
2 and 3)、濃度(entry 4)、温度(entries 5-8)、一酸化炭素圧(entry 9)、使用するロジウム触媒(entries 
10-14)、添加剤(entries 15-17)等を種々変更して検討を行った結果、10 mol%の[RhCl(CO)dppp]2










Table 3. Optimization of aliphatic Pauson-Khand-type reaction 
 
 以上 Table 3の検討より、鎖状の基質でも反応が進行することが確認できた。本反応では、
ニトリルの α 位の置換基が反応性に大きく影響することが考えられることから、ニトリル
の α 位に 144 とは異なった種々の置換基を有する基質を合成し、検討を行うこととした。
尚、基質となるアレン―ニトリル体 148~152は、144の合成時に用いた方法と類似の手法に





まず、対照実験としてニトリルの α位に置換基を持たない基質 148を、Table 1の検討で
見出した最適条件([RhCl(CO)dppp]2(10 mol%), CO(1 atm), トルエン, 80 °C)に付したところ、
反応は全く進行しなかった。また、反応温度を還流まで上昇したが同様の結果となった
(Table 4, entry 2)。基質 148は、ニトリルからケテンイミンへの異性化を促す官能基を持たな
いためケテンイミンへの異性化が進行せず、その結果反応が進行しなかったと考えている。
次に、ニトリルの α位の置換基 Rにエトキシカルボニル基を導入した 149を用いて反応を
行ったところ、目的のアザビシクロ[3.3.0]誘導体 153が収率 43%で生成した(entry 4)。パラ
ニトロフェニル基やスルホニル基を Rに導入した 150、151でも反応は進行することが明ら
かとなったが、収率はそれぞれ 37%、38%に留まった (entries 4,5)。一方、Rにピバロイル
基を有する基質 152 では、ビシクロ体 156 が 83%の高収率で生成した(entry 6)。尚、Table





























を有する基質 167では速やかに反応が進行し、54%の収率で環化体 180が得られた(entry 1)。
イソプロピル基や tert-ブチル基が置換した基質 42、168を同様の反応条件に付したところ、
反応時間の延長が認められたが、62%、58%と同程度の収率で反応が進行した(entries 3,4)。
一方、シロキシメチル基を有する基質 169 では、目的の環化体 181 が生成するものの若干
の収率の低下が見られた(entry 4)。次に、Table 4の検討で最も良い結果を示したピバロイル
基を持つ基質を用いて[2+2+1]反応を検討した。しかしながら、アレン上にメチル基、イソ









Table 5: [2+2+1] cycloaddition of aliphatic allene-nitrile 
 
 更に、アレン上にホスホナートを有するアレン-ニトリル体 178を用いて Pauson-Khand型
反応の検討を行ったところ、複雑な混合物を得る結果になった(Scheme 23)。また、一置換
















は、目的の閉環体 199 が 17%で得られると共に、芳香化まで進行したオキシインドール体
200が 23%の収率で得られたことから、合計収率 40%で目的の環化反応が進行したことにな










































199: R = CN
201: R = Piv
200187: R = CN














191: R = CN
192: R = Piv
R = CN, 95 °C, 0.5 h, 199 (17%), 200 (23%)
R = Piv, reflux, 4 h, 201 (19%)
R = CN, reflux, 3 h, 204 (17%)































15(K562 細胞 : IC50 = 0.15 µg/ml、















 最初の全合成は 1998年に、Fürstnerらによって報告された 37a(Scheme 26)。Fürstnerらは、
アルコール体 205からエポキシド体 206 へ導き、辻―トロスト反応によって 13 員環 207を
合成した。続いて、ラクトン化と水酸基の酸化を経てケトン体 208 へ誘導した後、Paal-Knorr






 また、ピロール体 211から誘導したピロール体 212を、γ-ラクタム体 213から導いたア
シルハライド 214 と縮合させてケトン体 215 へ誘導した後、酸性条件下でピロール環を構



























































2000年、Trostによって光学活性なケトン体 231の最初の合成が報告された 37b(Scheme 29)。




合成した。合成した 221 から還元、酸化を経てアルデヒド体 222 へ導き、光学活性アミン
体を用いた不斉プロパルギル化反応を行いアルコール体 223 を得た。223 の水酸基を TBS




した後、水酸基の脱保護と酸化を行い光学活性なケトン体 231 へ導いた。 
 
Scheme 29 
 2001 年には、Tius らによる(+)-roseophilin の初の不斉全合成 37c と、Boger らによる
ent-(-)-roseophilinの不斉全合成 37dが JACS誌に連続して掲載された。Tiusらは、5-ヘキサナ
ール(232)から誘導したアミド体 233 を、樟脳由来の光学活性アレニルリチウム体 234 と縮
合させ、in situでケトン体 235を発生させた(Scheme 30)。このケトン体 235を酸性条件に付
して不斉 Nazarov環化を行い、立体化学を制御しつつシクロペンテノン体 236を合成した。






















































 Bogerらは、キラルオキサゾリジノン体 240を用いた Evansアルドール反応によって光学
活性なオレフィン体 241を合成し、1,2,4,5,-テトラジンとの Diels-Alder反応とそれに続く脱
窒素、脱メタノールにより 1,2-ジアジン体 243 へ誘導した。続いて、ジアジン体 243を亜鉛
と処理する還元条件に付してピロール体 244 へ導いている。その後、種々官能基変換によ









 一方、Harranらは 2013年にこれまでとは全く異なる経路での全合成を報告した 37e(Scheme 
32)。まず、フリルピロール体 217 をブチルリチウム、臭化亜鉛と順に処理した後、パラジ
ウム触媒存在下、二酸化炭素とカップリングさせてカルボン酸 248 を合成した。得られた
カルボン酸 248 をピロール体と縮合し、ピロール窒素の保護を経てジケトン体 250 へ導い
た。ジケトン体 250を THF中 KHMDS 及びクラウンエーテルと処理すると、環化、ホスホ
リル基の転位、脱リン酸化が連続して進行し、α, β-不飽和ケトン体 251が生成した。このケ

















 以下に逆合成解析を記す(Figure 10)。Roseophilin (44)のピロール及びフラン環はアルデヒ
ド体 254から合成できると考え、13 員環は対応するオレフィン体 255から閉環メタセシス






 以上の計画に基づいて roseophilin の全合成研究を開始した。次節から、得られた結果の
詳細を順に記す。 
 
第三節 Roseophilin 合成の取り組み 
 
 まず、前章で記した方法でアザビシクロ[3.3.0]体 43を合成した(Scheme 33)。2-ブチン-1,4-
ジオール(256)を出発物質とし、収率 74%で片方の水酸基を TBS基で保護した。続いて、も
う一方の水酸基をメシル化した後、有機銅試薬と反応させる SN2’型反応によりアレン体 258
を 2 工程収率 83%の収率で合成した。合成した 258の TBS基を 96％の収率で除去した後、





















43と 6-ヘプテン-1-アールを THF中、DBU 及びピロリジンと処理して縮合反応を行い、フ
ルベン体 263 を 56%の収率で合成した(Scheme 35)。続いて、THF中臭化ベンジルと TBAI
を用いて合成したフルベン体 263 のベンジル化反応をトリエチルアミン存在下で行い、N-





 以上の様にして合成したフルベン体 264 のラクタム部分に炭素鎖を導入するため、トリ






ニル化及びメチル化を行った(Scheme 37)。ラクタム体 264をトルエン中 100 ºCで Lawesson
試薬と反応させ 68%の収率でチオラクタム体 267 とした後、トリエチルアミン存在下ヨウ




得られたスルフィド体 268 を用いてカップリング反応の検討を行った(Table 6)。Wenkert




Table 6: Attempt to introduce vinyl group 
 
















ボニル基の還元が進行し、ヘミアミナール体 269 が生成した(Scheme 38)。生成したヘミア
ミナール体 269を単離することなく、ルイス酸と処理してイミニウムカチオンを in situで生








クロ体 43を一つ炭素鎖の短い 6-ヘプテン-1-アールと縮合して、40%の収率でフルベン体 271
へ誘導した後、THF 中臭化ベンジル、TBAI 及びジイソプロピルエチルアミンと処理して
N-ベンジル化体 272 を収率 90%で合成した。後に行う大員環合成においてヘプテニル基の
付け根の炭素が sp3 混成で折れ曲がっている必要があると考えられるため、フルベン体 272
をエタノール/THF 混合溶媒中水素化ホウ素ナトリウムと処理してフルベン部分を水素化し、
シクロペンタジエン体 273を収率 66%で得た。得られた 273をジクロロメタン中 DIBALで
還元してヘミアミナール体 274 とした後、ルイス酸性条件下アリルトリブチルスズと反応







温で Hoveyda-Grubbs 触媒と処理したところ、目的の環化反応が進行し、13 員環成績体 276
が 37%の収率で得られた(Scheme 40)。また、原料 275のトランス体が 18%回収された。こ
のことは、出発物質の 6 割を占めるシス体が 6 割程の収率で環化し、出発物質の 4 割を占
めるトランス体の約半分が回収されたことを意味する。得られた環化体 276 を水素雰囲気






 上記の環化反応で回収されたオレフィン体 275 のトランス体を再利用する検討を行った
(Scheme 41)。オレフィン体 275 は酸性度の高いシクロペンタジエン部を有していることか
ら、適当な塩基性条件下でプロトンを引き抜き、再びプロトン化させれば、エピメリ化が
進行すると考えた。そこで、回収した 275のトランス体(cis : trans = 1 : 10)を重ベンゼン中で
DBU 及び tert-ブチルアルコールを用いてエピメリ化を行ったところ、徐々に異性化が進行









































骨格 43 を構築した。また、得られたビシクロ体 43 が持つ官能基を有効に活用し、13
員環構築に必要な二つの炭素鎖を導入した。 
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General. Melting points were measured with YANAGIMOTO micro melting point apparatus, and 
were uncorrected. Infrared spectra were measured with a SHIMADZU FTIR-8700 spectrometer for 
samples in CHCl3 or Thermo Scientific NicoletTM iSTM5 ET-IR Spectrometer. 1H NMR spectra were 
measured with JNM-ECS400 or JNM-ECA600 spectrometers for samples in CDCl3 or DMSO-d6. 
Tetramethylsilane (for compound with a phenyl group), CHCl3 (7.26 ppm) or DMSO-d6 (2.50 ppm) 
were used as an internal reference. 13C NMR spectra were measured with JNM-ECS400 or 
JNM-ECA600 spectrometers for samples in CDCl3 (77.0 ppm) or (DMSO-d6, 39.5 ppm) as an 
internal reference. High-resolution mass spectra were measured with JMS-SX102A (FAB) or 
JMS-T100TD (DART) mass spectrometers, and mass spectra were measured with JMS-SX102A 
(FAB) or JMS-T100TD (DART) mass spectrometers. Single crystal X-ray diffraction was measured 
with R-AXIS RAPID II. Commercially available anhydrous Et2O, THF, CH2Cl2 and toluene were 
employed for reactions. Et3N, iPr2NH were distilled from CaH2. DMSO was distilled from CaSO4. 
Commercially available 3-Methoxybenzylalcohol (Aldrich), 1-iodo-3-nitrobenzene (Lancaster) and 
2-Iodophenylacetonitrile (Aldrich) were employed for a reaction. 




methyl carbonate7, 2-vinylidene-1-hexanol8, 2-methylbuta-2,3-dien-1-ol9, 
2-(1-methylethyl)buta-2,3-dien-1-ol10, 2-(1,1-dimethylethyl)buta-2,3-dien-1-ol11, 
3-vinylideneheptan-1-ol12 and 4-vinylideneoctan-1-ol12 were known compounds. Silica gel (Silica 
gel 60 N, 40-50 µm, Kanto Chemical) was used for chromatography. All reactions were carried out 




Preparation of 2-(2-Iodo-5-methoxyphenyl)acetonitrile (S1).  
To a solution of 3-methoxybenzylalcohol (300 mg, 2.17 mmol) in CHCl3 (20 
mL) was added I2 (770 mg, 3.0 mmol) and CF3CO2Ag (670 mg, 3.0 mmol) at 
0 ºC. After stirring for 2 h at same temperature, the precipitate was filtered, 
and the filtrate was added saturated aqueous Na2S2O3. Then, the mixture was 
extracted with CH2Cl2. The extract was washed with water and brine, dried, and concentrated to 
dryness. The residue was passed through a short pad of silica gel with hexane-AcOEt (4:1) to afford 
the crude iodobenzene. To a solution of the crude iodobenzene in CH2Cl2 (10 mL) was added MsCl 
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(0.4 mL, 5.0 mmol) and Et3N (1.0 mL, 13 mmol) at 0 ºC. After stirring for 1 h at same temperature, 
the reaction was quenched by addition of saturated aqueous NH4Cl, and the mixture was extracted 
with CH2Cl2. The extract was washed with water and brine, dried, and concentrated to dryness. The 
residue was passed through a short pad of silica gel with hexane-AcOEt (1:1) to afford the crude 
mesilate. To a solution of the crude mesilate in DMF (10 mL) was added NaCN (140 mg, 2.8 mmol) 
at room temperature. After stirring for 1.5 h at same temperature, the reaction was quenched by 
addition of water, and the mixture was extracted with CH2Cl2. The extract was washed with water 
and brine, dried, and concentrated to dryness. The residue was purified by column chromatography 
with hexane-AcOEt (7:3) to give S1 (367 mg, 63% for 3 steps) as a colorless plate: m.p. 83-83.5 °C 
(Hexane-AcOEt); IR 2255 cm-1; 1H NMR δ 7.71 (d, J = 8.7 Hz, 1H), 7.10 (d, J = 3.2 Hz, 1H), 6.63 
(dd, J = 8.7, 3.2 Hz, 1H), 3.82 (s, 3H), 3.78 (s, 2H); 13C NMR δ 160.4, 140.2, 134.1, 117.1, 115.9, 
115.2, 87.1, 55.5, 29.9; DARTMS m/z 274 (M++1, 19.3); DARTHRMS calcd for C9H9INO 273.9729, 
found 273.9726. 
 
Preparation of 2-(2-Iodo-4-nitrophenyl)acetonitrile (S2). 
To a solution of PhSCH2CN (250 mg, 1.68 mmol) and 1-iodo-3-nitrobenzene 
(420 mg, 1.69 mmol) in DMSO (2.0 mL) was added NaOH (670 mg, 16.8 
mmol) in DMSO (2.0 mL) at 0 ºC. After stirring for 30 min at room 
temperature, the reaction was quenched with 10% aqueous HCl, and extracted 
with CH2Cl2. The extract was washed with water and brine, dried, and concentrated to dryness. The 
residue was purified by column chromatography with hexane-AcOEt (4:1) to give S2 (426 mg, 
88 %) as a colorless amorphous; IR 2255, 1529, 1348 cm-1; 1H NMR δ 8.73 (d, J = 2.3 Hz, 1H), 8.29 
(dd, J = 8.2, 2.3 Hz, 1H), 7.75 (d, J = 8.2 Hz, 1H), 3.91 (s, 2H); 13C NMR δ 147.6, 140.3, 134.4, 
129.3, 123.7, 115.9, 98.2, 30.0; DARTMS m/z 289 (M++1, 35.1); DARTHRMS calcd for C8H6IN2O2 
288.9474, found 288.9472. 
 
Preparation of 2-(3-Hydroxyprop-1-ynyl)phenylacetonitrile (79). 
To a solution of 2-iodophenylacetonitrile (1.00 g, 4.11 mmol) in Et3N (4.0 mL) 
were added Pd(PPh3)2Cl2 (58 mg, 8.2x10-2 mmol) and propargylalcohol (0.36 
mL, 6.2 mmol) and CuI (16 mg, 8.2x10-2 mmol) at room temperature. After 
stirring for 5 h at same temperature, Et3N was evaporated off, and the residue 
was purified by column chromatography with hexane-AcOEt (1:1) to give 79 (703 mg, quant.) as a 
yellow oil: IR 3605, 3458, 2257 cm-1; 1H NMR δ 7.48-7.46 (m, 1H), 7.44 (d, J = 7.8 Hz, 1H), 
7.38-7.34 (m, 1H), 7.32-7.28 (m, 1H), 4.54 (s, 2H), 3.89 (s, 2H), 2.39 (brs, 1H); 13C NMR δ 132.5, 
131.7, 129.2, 128.13, 128.10, 122.1, 117.5, 93.8, 82.2, 51.3, 22.6; EIMS m/z 171 (M+, 26.5); 
EIHRMS calcd for C11H9NO 171.0684, found 171.0688. 
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Preparation of 2-[2-(3-Hydroxyprop-1-ynyl)-4-methoxyphenyl]acetonitrile (82). 
To a solution of 2-(2-bromo-4-methoxyphenyl)acetonitrile (300 mg, 1.33 
mmol) in DMF (6.0 mL) were added Pd(PPh3)2Cl2 (46 mg, 6.5x10-2 
mmol), propargylalcohol (80 µL, 1.5 mmol), CuI (27 mg, 1.4x10-2 
mmol) and iPr2NH (720 µL, 6.4 mmol) at room temperature. After 
stirring for 5 min at same temperature, the mixture was concentrated to dryness. The residue was 
purified by column chromatography with hexane-AcOEt (3:1) to give 82 (180 mg, 60%) as a 
colorless plate: m.p. 71-72 °C (CH2Cl2); IR 3603, 2255 cm-1; 1H NMR (DMSO-d6) δ 7.39 (d, J = 8.2 
Hz, 1H), 7.01-6.99 (m, 2H), 5.39 (t, J = 6.0 Hz, 1H), 4.35 (d, J = 6.0 Hz, 2H), 3.97 (s, 2H), 3.76 (s, 
3H); 13C NMR (DMSO-d6) δ 158.6, 130.0, 124.7, 123.1, 118.6, 116.7, 115.4, 95.4, 80.7, 55.4, 49.5, 
20.9; DARTMS m/z 202 (M++1, 6.1); DARTHRMS calcd for C12H12NO2 202.0868, found 242.0866. 
 
Preparation of 2-[4-Chloro-2-(3-hydroxyprop-1-ynyl)phenyl]acetonitrile (83). 
According to the procedure described for preparation of 82, 83 (17.0 mg, 
38%) was obtained from 2-(2-bromo-4-chrolophenyl)acetonitrile (50.0 mg, 
0.217 mmol) as a colorless plate: m.p. 63-66 ºC (CH2Cl2); IR 3607, 3393, 
2258 cm-1; 1H NMR δ 7.46 (d, J = 2.3 Hz, 1H), 7.39 (d, J = 8.2 Hz, 1H), 
7.34 (dd, J = 8.2, 2.3 Hz, 1H), 4.54 (d, J = 6.4 Hz, 2H), 3.85 (s, 2H), 2.19 (t, J = 6.4 Hz, 1H); 13C 
NMR δ 134.1, 132.2, 130.2, 129.44, 129.41, 123.7, 117.0, 95.0, 81.2, 51.4, 22.3; DARTMS m/z 206 
(M++1, 36.1); DARTHRMS calcd for C11H9ClNO 206.0373, found 206.0368. 
 
Preparation of 2-[2-(3-Hydroxyprop-1-ynyl)-5-methoxyphenyl]acetonitrile (89). 
To a solution of S1 (328 mg, 1.20 mmol) in THF (12.0 mL) were added 
Pd(PPh3)2Cl2 (17 mg, 2.4x10-2 mmol), propargylalcohol (100 µL, 1.8 
mmol), CuI (2.3 mg, 1.2x10-2 mmol) and iPr2NH (1.7 mL, 12 mmol) at 
room temperature. After stirring for 30 min at same temperature, THF 
was evaporated off, and the residue was purified by column chromatography with CH2Cl2-AcOEt 
(15:1) to give 89 (240 mg, quant.) as a pale yellow plate: m.p. 85.5-86 °C (Hexane-AcOEt); IR 3607, 
3429, 2253 cm-1; 1H NMR δ 7.39 (d, J = 8.7 Hz, 1H), 6.97 (d, J = 2.3 Hz, 1H), 6.81 (dd, J = 8.7, 2.3 
Hz, 1H), 4.51 (brs, 2H), 3.86 (s, 2H), 3.82 (s, 3H), 2.22 (brs, 1H); 13C NMR δ 160.1, 134.0, 133.5, 
117.4, 114.0, 113.9, 113.7, 92.1, 82.3, 55.4, 51.5, 22.8; EIMS m/z 201 (M++1, 63.2); EIHRMS calcd 











Preparation of 2-[2-(3-Hydroxyprop-1-ynyl)-4-nitrophenyl]acetonitrile (94). 
According to the procedure described for preparation of 89, 94 (299 mg, 
89%) was obtained from S2 (448 mg, 1.00 mmol) as a colorless plate: 
m.p. 67-68 °C (CH2Cl2); IR 3605, 3394, 2255, 1531, 1352 cm-1; 1H NMR 
(DMSO-d6) δ 8.26 (d, J = 8.2 Hz, 1H), 8.21 (s, 1H), 7.78 (d, J = 8.2 Hz, 
1H), 5.48 (t, J = 5.8 Hz, 1H), 4.40 (d, J = 5.8 Hz, 2H), 4.25 (s, 2H); 13C NMR (DMSO-d6) δ 147.1, 
139.9, 130.0, 126.3, 123.8, 123.5, 117.5, 98.2, 78.9, 49.5, 22.1; EIMS m/z 216 (M+, 9.4); EIHRMS 
calcd for C11H8N2O3 216.0535, found 216.0538. 
 
Preparation of 2-[2-(3-Hydroxyprop-1-ynyl)-5-nitrophenyl]acetonitrile (95). 
To a solution of 2-(2-iodophenyl)acetonitrile (250 mg, 1.02 mmol) in the 
CH2Cl2 (0.30 mL) and H2SO4 (0.80 mL) was slowly added mixture of 
H2SO4 (0.30 mL) and HNO3 (0.010 mL) at 0 ºC. After stirring for 15 min, 
the reaction mixture was filtrated. The residue washed with water, 
air-dried to give crude nitrile. To a solution of crude nitrile in THF (10 mL) were added Pd(PPh3)2Cl2 
(31.9 mg, 4.54x10-2 mmol), propargylalcohol (100 µL, 1.8 mmol), CuI (4.3 mg, 2.3x10-2 mmol) and 
iPr2NH (1.3 mL, 9.1 mmol) at room temperature. After stirring for 8 h at same temperature, THF was 
evaporated off, and the residue was purified by column chromatography with CH2Cl2-AcOEt (15:1) 
to give 95 (136 mg, 52% for 2 steps) as a colorless needle: m.p. 97.5-98.5 °C (CH2Cl2); IR 3597, 
3368, 2255, 1526, 1346 cm-1; 1H NMR δ 8.35 (s, 1H), 8.20 (d, J = 8.2 Hz, 1H), 7.66 (d, J = 8.2 Hz, 
1H), 4.60 (s, 2H), 3.98 (s, 2H), 2.05 (brs, 1H); 13C NMR δ 147.4, 133.6, 133.5, 128.8, 123.5, 123.4, 
116.1, 99.2, 80.9, 51.4, 22.9; DARTMS m/z 217 (M++1, 34.3); DARTHRMS calcd for C9H9N2O3 
217.0613, found 217.0612. 
 
Preparation of 2-[2-(3-Hydroxyprop-1-ynyl)phenyl]propanenitrile (126). 
To a solution of 2-(2-iodophenyl)propanenitrile (1.78 g, 6.92 mmol) and Et3N 
(9.6 mL, 69 mmol) in THF (25 ml) were added propargylalcohol (520 µL, 9.0 
mmol), Pd(PPh3)2Cl2 (97 mg, 0.14 mmol), and copper(I) iodide (26 mg, 0.14 
mmol) at room temperature. After stirring for 2 h at same temperature, THF 
was evaporated off, and the residual oil was chromatographed with 
hexane-AcOEt (1:1) to afford 126 (1.17 g, 91%) as a yellow oil: IR 3605, 3447, 2245 cm-1; 1H NMR 
δ 7.51 (d, J = 7.6 Hz, 1H), 7.47 (d, J = 7.6 Hz, 1H), 7.39 (t, J = 7.6 Hz, 1H), 7.29 (t, J = 7.6 Hz, 1H), 
4.55 (d, J = 6.2 Hz, 2H), 4.38 (q, J = 7.2 Hz, 1H), 2.02 (t, J = 6.2 Hz, 1H), 1.65 (d, J = 7.2 Hz, 3H); 
13C NMR δ 138.7, 132.9, 129.5, 128.0, 126.6, 121.4, 121.1, 93.0, 82.3, 51.5, 29.7, 20.4; DART MS 




Preparation of 2-[2-(3-Hydroxyprop-1-ynyl)phenyl]-2-methylpropanenitrile (127). 
To a solution of 2-methyl-2-(2-iodophenyl)propanenitrile (60.0 mg, 0.221 
mmol) in Et3N (1.1 mL) were added propargylalcohol (20 µL, 0.33 mmol), 
Pd(PPh3)2Cl2 (3.1 mg, 4.4×10-3 mmol), and copper(I) iodide (0.8 mg, 4×10-3 
mmol) at room temperature. After stirring for 8 h at 50 ºC, Et3N was 
evaporated off, and the residual oil was chromatographed with hexane-AcOEt 
(1:1) to afford 127 (23.8 mg, 54%) as a yellow oil: IR 3605, 3452, 2237 cm-1; 1H NMR δ 7.52 (dd, J 
= 7.7, 1.4 Hz, 1H), 7.42 (dd, J = 7.7, 1.0 Hz, 1H), 7.36 (td, J = 7.7, 1.4 Hz, 1H), 7.30 (td, J = 7.7, 1.0 
Hz, 1H), 4.57 (d, J = 3.4 Hz, 2H), 2.33 (brs, 1H), 1.88 (s, 6H); 13C NMR δ 141.1, 134.5, 129.0, 
127.8, 124.9, 124.3, 121.2, 95.6, 84.2, 51.8, 36.5, 27.5; DART MS m/z 200 (M++1, 100); DART 
HRMS calcd for C13H14NO 200.1075, found 200.1093. 
 
Preparation of 2-(1-Phenylsulfonylpropa-1,2-dienyl)phenylacetonitrile (80). 
To a solution of 79 (100 mg, 0.58 mmol) in THF (6.0 mL) were added iPr2NEt 
(0.30 mL) and PhS(O)Cl (280 mg, 1.7 mmol) at -78 ºC. After stirring for 3 h at 
same temperature, the reaction was quenched by addition of water, and the mixture 
was extracted with AcOEt. The extract was washed with water and brine, dried, and 
concentrated to dryness. The residue was passed through a short pad of silica gel 
with hexane-AcOEt (3:1) to afford the crude benzenesulfinate. To a solution of the crude 
benzenesulfinate in toluene (0.5 mL) was added [RhCl(CO)2]2 (10 mg, 2.5x10-2 mmol). After stirring 
for 24 h at 50 ºC, toluene was evaporated off, and the residue was purified by column 
chromatography with hexane-AcOEt (3:1) to give 80 (60 mg, 27% for 2 steps) as a colorless oil: IR 
2253, 1967, 1927, 1323, 1153 cm-1; 1H NMR δ 7.70 (d, J = 7.6 Hz, 2H), 7.65 (t, J = 7.6 Hz, 1H), 
7.51-7.47 (m, 3H), 7.41 (t, J = 7.6 Hz, 1H), 7.25 (t, J = 7.6 Hz, 1H), 7.00 (d, J = 7.6 Hz, 1H), 5.54 (s, 
2H), 3.69 (s, 2H); 13C NMR δ 207.7, 138.8, 134.0, 131.7, 130.7, 130.4, 129.1, 128.5, 128.1, 127.8, 
117.3, 111.5, 83.7, 21.8; EIMS m/z 295 (M+, 4.1); EIHRMS calcd for C17H13NO2S 295.0667, found 
295.0665. 
 
Preparation of 2-[4-Methoxy-2-(1-phenylsulfonylpropa-1,2-dienyl)phenyl]acetonitrile (86). 
According to the procedure described for preparation of 80, 86 (40.7 mg, 
24%) was obtained from 82 (98.5 mg, 0.490 mmol) as a colorless plate: m.p. 
97-98 °C (CH2Cl2); IR 2255, 1967, 1323, 1153 cm-1; 1H NMR δ 7.74-7.72 
(m, 2H), 7.66-7.63 (m, 1H), 7.52-7.49 (m, 2H), 7.34 (d, J = 8.5 Hz, 1H), 6.92 
(dd, J = 8.5, 2.9 Hz, 1H), 6.54 (d, J = 2.9 Hz, 1H), 5.54 (s, 2H), 3.67 (s, 3H), 
3.57 (s, 2H); 13C NMR δ 207.7, 159.0, 139.0, 134.0, 130.2, 129.1, 128.9, 128.6, 122.5, 117.6, 116.8, 








326.0851, found 326.0842. 
 
Preparation of 2-[4-Chloro-2-(1-phenylsulfonylpropa-1,2-dienyl)phenyl]acetonitrile (87). 
According to the procedure described for preparation of 80, 87 (26.5 mg, 33%) 
was obtained from 83 (50.0 mg, 0.243 mmol) as a colorless plate: m.p. 
103-105 ºC (Et2O); IR 2255, 1967, 1927, 1325, 1155 cm-1; 1H NMR δ 7.72 (dd, 
J = 7.6, 1.4 Hz, 2H), 7.68 (tt, J = 7.6, 1.4 Hz, 1H), 7.54 (t, J = 7.6 Hz, 2H), 
7.42 (d, J = 8.2 Hz, 1H), 7.39 (dd, J = 8.2, 2.1 Hz, 1H), 6.97 (d, J = 2.1 Hz, 
1H), 5.56 (s, 2H), 3.67 (s, 2H); 13C NMR δ 207.6, 138.5, 134.3, 134.1, 131.7, 130.44, 130.35, 129.5, 
129.3, 129.2, 128.6, 116.9, 110.8, 84.3. 21.4; DARTMS m/z 330 (M++1, 64.8); DARTHRMS calcd 
for C17H13ClNO2S 330.0356, found 330.0374. 
 
Preparation of 2-[6-(1-Phenylsulfonylpropa-1,2-dienyl)-1,3-benzodioxol-5-yl]acetonitrile (92). 
To a solution of 2-[6-(3-hydoroxyprop-1-ynyl)benzo[d][1,3]dioxol-5-yl]aceto- 
nitrile (48.3 mg, 0.1222mol) in THF (2.0 mL) was added Et3N (200 µL, 1.43 
mmol) and PhSCl (0.10 mL, 0.91 mmol) at -78 ºC. After stirring for 3 h at 
same temperature, the reaction mixture was quenched by addition of saturated 
aqueous NaHCO3, and the mixture was extracted with CH2Cl2. The extract was washed with water 
and brine, dried, and concentrated to dryness. The residue was passed through a short pad of silica 
gel with hexane-AcOEt (7:3) to afford the crude sulfoxide. To a solution of the crude sulfoxide in 
CH2Cl2 (2.0 mL) was added mCPBA (56.6 mg, 0.311 mmol) at 0 ºC. After stirring for 2 h at same 
temperature, the reaction mixture was quenched by addition of saturated aqueous NaHCO3 and 
saturated aqueous Na2S2O3, and the mixture was extracted with CH2Cl2. The extract was washed 
with water and brine, dried, and concentrated to dryness. The residue was purified by column 
chromatography with CH2Cl2-hexane (30:1) to give 92 (31.3 mg, 41% for 2 steps) as a colorless 
plate: m.p. 138-141 ºC (AcOEt); IR 2255, 1967, 1323, 1153 cm-1; 1H NMR δ 7.74 (d. J = 7.6 Hz, 
2H), 7.66 (t, J = 7.6 Hz, 1H), 7.52 (t, J = 7.6 Hz, 2H), 6.90 (s, 1H), 6.55 (s, 1H), 6.01 (s, 2H), 5.50 (s, 
2H), 3.48 (s, 2H); 13C NMR δ 208.0, 149.3, 147.5, 138.8, 134.1, 129.2, 128.5, 124.6, 120.9, 117.3, 
111.41, 111.37, 109.2, 102.0, 83.5, 21.5; EIMS m/z 339 (M+, 17.2); EIHRMS calcd for C18H13NO4S 
339.0565, found 339.0564. 
 
Preparation of 2-[5-Methoxy-2-(1-phenylsulfonylpropa-1,2-dienyl)phenyl]acetonitrile (93). 
According to the procedure described for preparation of 92, 93 (72.4 mg, 
50%) was obtained from 89 (90.0 mg, 0.487 mmol) as a colorless oil; IR 
2253, 1967, 1321, 1153 cm-1; 1H NMR δ 7.70 (d, J = 7.6 Hz, 2H), 7.64 (t, J 
= 7.6 Hz, 1H), 7.50 (t, J = 7.6 Hz, 2H), 6.99 (d, J = 2.7 Hz, 1H), 6.93 (d, J = 
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8.6 Hz, 1H), 6.76 (dd, J = 8.6, 2.7 Hz, 1H), 5.50 (s, 2H), 3.82 (s, 3H), 3.62 (s, 2H); 13C NMR δ 208.1, 
160.9, 138.9, 133.9, 133.0, 132.1, 129.0, 128.5, 119.6, 117.2, 114.6, 113.5, 111.3, 83.2, 55.4, 21.9; 
EIMS m/z 325 (M+, 11.7); EIHRMS calcd for C18H15NO3S 325.0773, found 325.0771. 
 
General Procedure for Preparation of Methylallenes 
To a solution of alcohol (0.200 mmol) in THF (2.0 mL) was added Et3N (140 µL, 1.0 mmol) and 
MsCl (60 µL, 0.80 mmol) at -78 ºC. After stirring for 15 min at same temperature, the reaction was 
quenched by addition of saturated NaHCO3, extracted with AcOEt. The extract was washed with 
water and brine, dried, and concentrated to dryness. The crude mesylate was carried through to the 
next step. To a solution of CuCN (71.6 mg, 0.800 mmol) in THF (2.0 mL) was added LiCl (67.7 mg, 
1.60 mmol) and MeLi (750 µL, 0.80 mmol, 1.07 M in Et2O) at -78 ºC, and the mixture was stirred 
for 5 min at -30 ºC. Then, the crude mesylate was added to the mixture at -78 ºC. After stirring for 
30 min at same temperature, the reaction was quenched by addition of saturated aqueous NH4Cl and 
28% aqueous NH3, extracted with AcOEt, washed with water and brine, dried, and concentrated to 
dryness. The residue was chromatographed with hexane-AcOEt to afford corresponding allenes. 
 
2-[2-(Buta-2,3-dien-2-yl)phenyl]acetonitrile (103). 
Compound 103 was a yellow oil: IR 2253, 1950 cm-1; 1H NMR δ 7.45 (d, J = 7.9 
Hz, 1H), 7.36-7.27 (m, 3H), 4.86 (q, J = 3.1 Hz, 2H), 3.85 (s, 2H), 2.08 (t, J = 3.1 
Hz, 3H); 13C NMR δ 207.2, 137.2, 129.2, 128.4, 127.94, 127.87, 127.7, 118.2, 97.7, 









Compound 104 was a colorless oil; IR 2253, 1944 cm-1; 1H NMR δ 7.33 (d, J 
= 8.2 Hz, 1H), 6.84 (d, J = 2.4 Hz, 1H), 6.81 (dd, J = 8.2, 2.4 Hz, 1H), 4.86 
(q, J = 3.1 Hz, 2H), 3.81 (s, 3H), 3.77 (s, 2H), 2.07 (t, J = 3.1 Hz, 3H); 13C 
NMR δ 207.2, 159.4, 138.5, 130.3, 119.9, 118.4, 113.8, 112.7, 97.8, 75.6, 
55.3, 21.3, 20.2; DARTMS m/z 200 (M++1, 100); DARTHRMS calcd for 
C13H14NO 200.1075, found 200.1086. 
 
2-[4-Chloro-2-(buta-2,3-dien-2-yl)phenyl]acetonitrile (105). 
Compound 105 was a colorless oil: IR 2254, 1950 cm-1; 1H NMR δ 7.38 (d, J 
= 7.2 Hz, 1H), 7.30 (d, J = 2.1 Hz, 1H), 7.26 (dd, J = 7.2, 2.1 Hz, 1H), 4.90 
(q, J = 3.1 Hz, 2H), 3.80 (s, 2H), 2.07 (t, J = 3.1 Hz, 3H); 13C NMR δ 207.4, 
138.9, 134.3, 130.5, 128.1, 127.7, 126.4, 117.7, 97.1, 76.2, 21.8, 20.1; 
DARTMS m/z 204 (M++1, 59.2); DARTHRMS calcd for C12H11ClN 
204.0580, found 204.0586. 
 
2-[6-(Buta-2,3-dien-2-yl)-1,3-benzodioxol-5-yl]acetonitrile (106). 
Compound 106 was a colorless powder: m.p. 78-79 °C (CH2Cl2); IR 2255, 
1954 cm-1; 1H NMR (DMSO-d6) δ 6.97 (s, 1H), 6.95 (s, 1H), 6.04 (s, 2H), 
4.93 (q, J = 3.1 Hz, 2H), 3.86 (s, 2H), 1.98 (t, J = 3.1 Hz, 3H); 13C NMR 
(DMSO-d6) δ 206.6, 147.3, 146.6, 130.8, 121.8, 119.0, 109.4, 108.1, 101.5, 




Compound 107 was a pale yellow oil; IR 2253, 1948 cm-1; 1H NMR δ 7.22 
(d, J = 8.7 Hz, 1H), 6.98 (d, J = 2.7 Hz, 1H), 6.88 (dd, J = 8.7, 2.7 Hz, 1H), 
4.83 (q, J = 3.2 Hz, 2H), 3.83 (s, 2H), 3.82 (s, 3H), 2.05 (t, J = 3.2 Hz, 3H); 
13C NMR δ 207.4, 158.9, 129.3, 129.2, 129.0, 118.1, 114.5, 113.9, 97.4, 75.2, 
55.4, 22.3, 20.5; EIMS m/z 199 (M++1, 100); EIHRMS calcd for C13H13NO 
199.0997, found 199.0996. 
 
2-[2-(Buta-2,3-dien-2-yl)-4-nitrophenyl]acetonitrile (108). 
Compound 108 was a colorless amorphous; IR 2254, 1950, 1529, 1348 cm-1; 
1H NMR δ 8.18 (d, J = 2.3 Hz, 1H), 8.14 (dd, J = 8.2, 2.3 Hz, 1H), 7.67 (d, J 
= 8.2 Hz, 1H), 4.98 (q, J = 3.2 Hz, 2H), 3.94 (s, 2H), 2.14 (t, J = 3.2 Hz, 3H); 
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13C NMR δ 207.6, 147.9, 139.0, 134.9, 130.2, 122.9, 122.3, 116.8, 96.7, 76.9, 22.4, 20.1; EIMS m/z 
214 (M+, 25.9); EIHRMS calcd for C12H10N2O2 214.0742, found 214.0743. 
 
2-[2-(Buta-2,3-dien-2-yl)-5-nitrophenyl]acetonitrile (109). 
Compound 109 was a colorless oil; IR 2260, 1942, 1524, 1348 cm-1; 1H 
NMR δ 8.33 (d, J = 2.3 Hz, 1H), 8.20 (dd, J = 8.7, 2.3 Hz, 1H), 7.50 (d, J = 
8.7 Hz, 1H), 5.00 (q, J = 3.2 Hz, 2H), 3.94 (s, 2H), 2.13 (t, J = 3.2 Hz, 3H); 
13C NMR δ 207.6, 146.7, 144.1, 129.8, 129.0, 124.5, 123.4, 116.8, 97.0, 77.1, 




Compound 128 was a colorless oil: IR 2241, 1952 cm-1; 1H NMR δ 7.55-7.52 (m, 
1H), 7.34-7.30 (m, 2H), 7.28-7.26 (m, 1H), 4.84 (dq, J = 11.1, 3.4 Hz, 1H), 4.79 
(dq, J = 11.1, 3.4 Hz, 1H), 4.41 (q, J = 7.2 Hz, 1H), 2.06 (t, J = 3.4 Hz, 3H), 1.60 (d, 
J = 7.2 Hz, 3H); 13C NMR δ 206.8, 136.7, 134.9, 128.3, 128.1, 128.0, 127.4, 122.3, 
97.5, 75.1, 27.8, 21.3, 21.1; DART MS m/z 184 (M++1, 99.3); DART HRMS calcd 
for C13H14N 184.1126, found 184.1114. 
 
2-(Buta-2,3-dien-2-yl)benzonitrile (133). 
Compound 133 was colorless oil; IR 2226, 1946 cm-1; 1H NMR δ 7.65 (dd, 1H, J = 
7.8, 1.2 Hz), 7.55 (td, 1H, J = 7.8, 1.2 Hz), 7.42 (dd, 1H, J = 7.8, 1.2 Hz), 7.32 (td, 
1H, J = 7.8, 1.2 Hz), 5.06 (q, 2H, J = 3.2 Hz), 2.15 (t, 3H, J = 3.2 Hz); 13C NMR δ 
208.2, 141.8, 133.9, 132.4, 127.5, 127.1, 118.1, 111.3, 97.8, 78.0, 18.6; DARTMS 
m/z 156 (M++1, 100); DARTHRMS calcd for C11H10N 156.0813, found 156.0814. 
 
2-[2-(Propa-1,2-dienyl)phenyl]acetonitrile (110). 
To a solution of 79 (226 mg, 1.32 mmol) in THF (4.4 mL) were added IPNBSH 
(1.4 g, 5.3 mmol), PPh3 (1.4 g, 5.3 mmol) and DEAD (2.4 mL, 5.3 mmol, 40% in 
toluene) at 0 ºC. After stirring for 1 h at room temperature, trifluoroethanol-H2O 
(3:2, 5.0 mL) was added to the mixture. After stirring for 4 h at same temperature, 
the reaction was quenched by addition of water, and the mixture was extracted with 
AcOEt. The extract was washed with water and brine, dried, and concentrated to dryness. The 
residue was purified by column chromatography with hexane-AcOEt (7:1) to give 110 (162 mg, 
79%) as a yellow oil: IR 2253, 1942 cm-1; 1H NMR δ 7.40 (d, J = 7.6 Hz, 1H), 7.38 (d, J = 7.6 Hz, 







2H), 3.81 (s, 2H); 13C NMR δ 210.7, 132.0, 129.3, 128.6, 128.5, 127.6, 126.9, 117.5, 90.4, 78.7, 
22.0; EIMS m/z 155 (M+, 81.8); EIHRMS calcd for C11H9N 155.0735, found 155.0734. 
 
2-Methyl-2-{2-[1-(phenylsulfonyl)propa-1,2-dien-1-yl]phenyl}propanenitrile (129). 
To a solution of PhSO2Na (492 mg, 3.00 mmol) in toluene (6.0 ml) was added a 
solution of (COCl)2 (250 µl, 3.0 mmol) in toluene (3.0 ml) at 0 ºC. After stirring for 
1 h at room temperature, the reaction mixture was added to a solution of 127 (183 
mg, 0.920 mmol) and iPr2NEt (522 µl, 3.00 mmol) in THF (1.0 ml) at -78 ºC. After 
stirring for 1 h at same temperature, the reaction was quenched by addition of water, 
and the mixture was extracted with AcOEt. The extract was washed with water and brine, dried, and 
concentrated to dryness. The residue was passed through a short pad of silica gel with hexane-AcOEt 
(1:1) to afford the crude sulfinate. To a solution of the crude sulfinate in MeNO2 (4.3 mL) was added 
AgSbF6 (31 mg, 9.2x10-2 mmol) at room temperature. After stirring for 4 h at 60 ºC, MeNO2 was 
evaporated off and the residue was chromatographed with hexane-AcOEt (3:1) to afford 129 (187 
mg, 63% for 2 steps) as a colorless plate: m.p. 110-112 °C (EtOH); IR 2235, 1967, 1323, 1153 cm-1; 
1H NMR δ 7.88-7.87 (m, 2H), 7.66-7.63 (m, 1H), 7.54-7.49 (m, 3H), 7.42 (td, J = 7.6, 1.4 Hz, 1H), 
7.27-7.23 (m, 1H), 7.18 (dd, J = 7.6, 1.4 Hz, 1H), 5.41 (s, 2H), 1.82 (s, 6H); 13C NMR δ 208.8, 140.4, 
139.4, 133.8, 133.1, 130.2, 129.2, 128.8, 127.5, 127.1, 126.3, 124.5, 113.0, 84.0, 36.7, 30.5; DART 
MS m/z 324 (M++1, 100); DART HRMS calcd for C19H18NO2S 324.1058, found 324.1045. 
 
2-[1-(Phenylsulfonyl)propa-1,2-dienyl]benzonitrile (134). 
According to the procedure described for preparation of 129, 134 (130 mg, 73%) 
was obtained from 2-(3-hydroxyprop-1-ynyl)benzonitrile (100 mg, 0.636 mmol) as 
a colorless plates: m.p. 97-98 °C (EtOH); IR 2231, 1965, 1325, 1155 cm-1; 1H 
NMR δ 7.93 (d, J = 8.2 Hz, 1H), 7.76 (d, J = 7.3 Hz, 2H), 7.67-7.56 (m, 3H), 
7.48-7.43 (m, 3H), 5.70 (s, 2H); 13C NMR δ 208.7, 139.2, 133.9, 133.1, 132.6, 
132.0, 130.9, 129.6, 129.1, 128.3, 116.3, 113.9, 111.3, 85.3; DARTMS m/z 282 (M++1, 51.1); 
DARTHRMS calcd for C16H12NO2S 282.0589, found 282.0582. 
 
 
Preparation of 2-[(1,1-Dimethylethyl)dimethylsilyloxymethyl]buta-2,3-dien-1-ol (160). 
To a solution of 4-[(1,1-dimethylethyl)dimethylsilyloxy]but-2-yn-1-ylmethylcarbonate 
(893 mg, 3.46 mmol) in MeOH (20 mL) were added Pd(OAc)2 (77.7 mg, 0.346 mmol) 
and PPh3 (363 mg. 1.38 mmol) at room temperature. After stirring for 18 h at 40 ºC 
under CO (10 atm) atmosphere, MeOH was evaporated off, and the reaction mixture 
was passed through a short pad of silica gel with hexane-AcOEt (4:1) to afford crude allene. To a 
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solution of the crude allene in toluene (10 ml) was added DIBAL-H (2.5 ml, 2.5 mmol, 1.0 M in 
hexane) at -78 ºC. After stirring for 30 min at same temperature, the reaction was added aqueous 
Rochelle’s salt and Et2O. The organic layer was washed with water and brine, dried, and 
concentrated to dryness. The residue was chromatographed with hexane-AcOEt (4:1) to afford 160 
(98.0 mg, 13%) as a colorless oil: IR 3599, 3497, 1960 cm-1; 1H NMR δ 4.86 (quin, J = 2.3 Hz, 2H), 
4.31 (t, J = 2.3 Hz, 2H), 4.22 (brs, 2H), 2.24 (brs, 1H), 0.91 (s, 9H), 0.10 (s, 6H); 13C NMR δ 205.0, 
102.7, 77.2, 63.4, 62.3, 25.9, 18.3, -5.4; DART MS m/z 215 (M++1, 100); DART HRMS calcd for 
C11H23O2Si 215.1467, found 215.1480. 
 
General procedure for preparation of allene-nitrile. 
To a solution of alcohol (1.00 mmol) in CH2Cl2 (10 mL) was added Et3N (410 µL, 3.0 mmol) and 
MsCl (290 µL, 3.0 mmol) at 0 ºC. After stirring for 15 min at same temperature, the reaction was 
quenched by addition of saturated NaHCO3, and the mixture was extracted with CH2Cl2. The extract 
was washed with water and brine, dried, and concentrated to dryness. The crude mesylate was 
carried through to the next step. To a solution of nitrile (4.00 mmol) in THF (10 mL) was added NaH 
(60% in oil, 160 mg, 4.00 mmol) at 0 ºC, and the mixture was stirred for 30 min at same temperature. 
Then, the crude mesylate and TBAI (554 mg, 1.50 mmol) were added to the mixture at 0 °C. After 
stirring for 1.5 h at room temperature, the reaction was quenched by addition of saturated aqueous 
NH4Cl, and the mixture was extracted with Et2O. The extract was washed with water and brine, 
dried, and concentrated to dryness. The residue was chromatographed with hexane-AcOEt to afford 
the corresponding allene-nitrile. 
 
2-(2-Vinylidenehexyl)malononitrile (141). 
Compound 141 was a colorless oil: IR 2258, 1960 cm-1; 1H NMR δ 5.03 (quin, J = 3.4 
Hz, 2H), 3.82 (t, J = 7.2 Hz, 1H), 2.63 (dt, J = 7.2, 3.4 Hz, 2H), 2.01 (tt, J = 7.2, 3.4 Hz, 
2H), 1.47-1.42 (m, 2H), 1.35 (sex, J = 7.2 Hz, 2H), 0.91 (t, J = 7.2 Hz, 3H); 13C NMR δ 
204.5, 112.6, 98.5, 81.0, 32.6, 31.6, 29.3, 22.1, 21.2, 13.8; DART MS m/z 175 (M++1, 
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43.5); DART HRMS calcd for C11H15N2 175.1235, found 175.1218. 
 
Ethyl 2-Cyano-4-vinylideneoctanoate (149). 
Compound 149 was a colorless oil: IR 2253, 1960, 1745 cm-1; 1H NMR δ 4.91-4.83 (m, 
2H), 4.25 (q, J = 7.2 Hz, 2H), 3.62 (dd, J = 8.8, 5.8 Hz, 1H), 2.62-2.58 (m, 1H), 2.49 
(ddt, J = 15.3, 8.8, 3.4 Hz, 1H), 1.98 (tt, J = 7.2, 3.4 Hz, 2H), 1.45-1.40 (m, 2H), 
1.36-1.30 (m, 5H), 0.89 (t, J = 7.2 Hz, 3H); 13C NMR δ 204.9, 165.8, 116.5, 99.5, 79.2, 
62.8, 36.0, 31.8, 31.5, 29.4, 22.2, 13.9, 13.8; DART MS m/z 222 (M++1, 18.5); DART 
HRMS calcd for C13H20NO2 222.1494, found 222.1486. 
 
2-(p-Nitrophenyl)-4-vinylideneoctanenitrile (150). 
Compound 150 was a colorless oil: IR 2247, 1958, 1528, 1350 cm-1; 1H NMR δ 
8.26 (d, J = 8.9 Hz, 2H), 7.56 (d, J = 8.9 Hz, 2H), 4.90 (dquin, J = 10.0, 3.1 Hz, 
1H), 4.85 (dquin, J = 10.0, 3.1 Hz, 1H), 4.04 (dd, J = 9.6, 5.8 Hz, 1H), 2.58 (ddt, J 
= 15.1, 9.6, 3.1, 1H), 2.49-2.44 (m, 1H), 2.01-1.92 (m, 2H), 1.43-1.39 (m, 2H), 
1.36-1.30 (m, 2H), 0.90 (t, J = 7.2 Hz, 3H); 13C NMR δ 205.6, 147.7, 142.9, 128.5, 
124.3, 119.6, 99.5, 79.0, 37.8, 35.8, 31.9, 29.4, 22.2, 13.9; DART MS m/z 271 (M++1, 39.9); DART 
HRMS calcd for C16H19N2O2 271.1447, found 271.1449. 
 
2-(Phenylsulfonyl)-4-vinylideneoctanenitrile (151). 
Compound 151 was a colorless oil: IR 2249, 1960, 1335, 1159 cm-1; 1H NMR δ 
8.05-8.02 (m, 2H), 7.80-7.76 (m, 1H), 7.69-7.64 (m, 2H), 4.96-4.85 (m, 2H), 4.03 (dd, J 
= 11.9, 3.7 Hz, 1H), 2.90 (dq, J = 15.1, 3.7 Hz, 1H), 2.40 (ddt, J = 15.1, 11.9, 3.2 Hz, 
1H), 2.01-1.96 (m, 2H), 1.46-1.38 (m, 2H), 1.36-1.28 (m, 2H), 0.90 (t, J = 7.3 Hz, 3H); 
13C NMR δ 204.6, 135.6, 135.3, 129.7, 129.6, 114.1, 98.5, 79.9, 56.3, 31.8, 29.3, 28.7, 




Compound 152 was a colorless oil: IR 2243, 1958, 1720 cm-1; 1H NMR δ 4.89 (dquin, J 
= 10.3, 3.5 Hz, 1H), 4.82 (dquin, J = 10.3, 3.5 Hz, 1H), 3.94 (dd, J = 7.9, 6.5 Hz, 1H), 
2.49-2.40 (m, 2H), 2.00-1.96 (m, 2H), 1.44-1.39 (m, 2H), 1.34 (sex, J = 7.6 Hz, 2H), 
1.26 (s, 9H), 0.90 (t, J = 7.6 Hz, 3H); 13C NMR δ 205.1, 204.9, 117.3, 100.2, 78.9, 45.5, 
35.6, 32.1, 31.2, 29.4, 26.5, 22.2, 13.9; DART MS m/z 234 (M++1, 51.2); DART HRMS 










Compound 167 was a colorless oil: IR 2260, 1963 cm-1; 1H NMR δ 4.98 (sex, J = 3.2 Hz, 
2H), 3.83 (t, J = 7.3 Hz, 1H), 2.63 (dt, J = 7.3, 3.2 Hz, 2H), 1.80 (t, J = 3.2 Hz, 3H); 13C 
NMR δ 205.1, 112.5, 93.4, 79.6, 33.7, 21.2, 18.4; DART MS m/z 133 (M++1, 18.4); 
DART HRMS calcd for C8H9N2 133.0766, found 133.0783. 
 
2-[2-(1-Methylethyl)buta-2,3-dienyl]malononitrile (42). 
Compound 42 was a colorless oil: IR 2258, 1956 cm-1; 1H NMR δ 5.08 (q, J = 3.4 Hz, 
2H), 3.83 (t, J = 7.2 Hz, 1H), 2.67 (dt, J = 7.2, 3.4 Hz, 2H), 2.22-2.14 (m, 1H), 1.08 (d, J 
= 7.2 Hz, 6H); 13C NMR δ 203.3, 112.7, 104.8, 82.2, 31.0, 30.6, 21.3, 21.2; DART MS 
m/z 161 (M++1, 61.4); DART HRMS calcd for C10H13N2 161.1079, found 161.1067. 
 
2-[2-(1,1-Dimethylethyl)buta-2,3-dienyl]malononitrile (168). 
Compound 168 was a colorless plate: m.p. 47-48 ºC (hexane); IR 2258, 1954 cm-1; 1H 
NMR δ 5.08 (t, J = 3.8 Hz, 2H), 3.83 (t, J = 7.6 Hz, 1H), 2.68 (dt, J = 7.6, 3.8 Hz, 2H), 
1.10 (s, 9H); 13C NMR δ 202.7, 112.8, 107.9, 82.2, 33.1, 28.8, 28.4, 21.5; DART MS 
m/z 175 (M++1, 100); DART HRMS calcd for C11H15N2 175.1235, found 175.1220. 
 
2-{2-[(1,1-Dimethylethyl)dimethylsilyloxymethyl]buta-2,3-dienyl}malononitrile (169). 
Compound 169 was a colorless oil: IR 2258, 1960 cm-1; 1H NMR δ 5.04 (quin, J = 2.7 
Hz, 2H), 4.23 (t, J = 2.7 Hz, 2H), 4.04 (t, J = 7.3 Hz, 1H), 2.76 (dt, J = 7.3, 2.7 Hz, 2H), 
0.91 (s, 9H), 0.09 (s, 6H); 13C NMR δ 205.3, 112.5, 97.3, 79.8, 64.2, 30.9, 25.8, 21.7, 
18.2, -5.4; DART MS m/z 263 (M++1, 100); DART HRMS calcd for C14H23N2OSi 
263.1580, found 263.1584. 
 
4-Methyl-2-pivaloylhexa-4,5-dienenitrile (170). 
Compound 170 was a colorless oil: IR 2243, 1961, 1722 cm-1; 1H NMR δ 4.87-4.73 (m, 
2H), 3.93 (dd, J = 7.8, 6.9 Hz, 1H), 2.51-2.39 (m, 2H), 1.75 (t, J = 3.2 Hz, 3H), 1.26 (s, 
9H); 13C NMR δ 205.5, 204.9, 117.3, 95.2, 77.5, 45.5, 35.6, 32.5, 26.4, 18.9; DART MS 
m/z 192 (M++1, 69.8); DART HRMS calcd for C12H18NO 192.1388, found 192.1376. 
 
4-(1-Methylethyl)-2-pivaloylhexa-4,5-dienenitrile (171). 
Compound 171 was a colorless oil; IR 2243, 1954, 1720 cm-1; 1H NMR δ 4.95 (dq, J = 
9.6, 3.1 Hz, 1H), 4.86 (dq, J = 9.6, 3.1 Hz, 1H), 3.94 (dd, J = 8.2, 6.5 Hz, 1H), 2.53-2.43 
(m, 2H), 2.18-2.11 (m, 1H), 1.26 (s, 9H), 1.05 (d, J = 6.8 Hz, 3H), 1.04 (d, J = 6.8 Hz, 








DART MS m/z 220 (M++1, 50.7); DART HRMS calcd for C14H22NO 220.1701, found 220.1708. 
 
4-(1,1-Dimethylethyl)-2-pivaloylhexa-4,5-dienenitrile (172). 
Compound 172 was a colorless oil: IR 2243, 1952, 1720 cm-1; 1H NMR δ 4.97 (dt, J = 
9.6, 3.8 Hz, 1H), 4.85 (dt, J = 9.6, 3.8 Hz, 1H), 3.95 (dd, J = 8.2, 6.8 Hz, 1H), 2.51-2.44 
(m, 2H), 1.27 (s, 9H), 1.08 (s, 9H); 13C NMR δ 205.4, 203.3, 117.5, 109.5, 80.2, 45.5, 
36.0, 33.0, 28.9, 26.54, 26.52; DART MS m/z 234 (M++1, 100); DART HRMS calcd for 
C15H24NO 234.1858, found 234.1863. 
 
2-Pivaloylhexa-4.5-dienenitrile (173). 
Compound 173 was a colorless oil: 1H NMR δ 5.15 (quin, 1H, J = 6.9 Hz), 4.87-4.80 (m, 
2H), 3.89 (t, 1H, J = 7.6 Hz), 2.59-2.50 (m, 2H), 1.26 (s, 9H); 13C NMR δ 208.9, 204.7, 




Preparation of 2-(3-Vinilideneheptyl)malononitrile (187). 
To a solution of 3-vinylideneheptan-1-ol (410 mg, 2.92 mmol), PPh3 (1.53 g, 5.85 
mmol) and imidazole (398 mg, 5.85 mmol) in CH2Cl2 (15 mL) was added iodine (1.48 
g, 5.85 mmol) at 0 °C. After stirring for 20 min at room temperature, the reaction was 
quenched by addition of saturated aqueous Na2S2O3 and saturated aqueous NaHCO3, 
and the mixture was extracted with CH2Cl2. The extract was washed with water and 
brine, dried, and concentrated to dryness. The residue was passed through a short pad of silica gel 
with hexane to afford crude iodide. The crude iodide was carried through to the next step. To a 
solution of malononitrile (793 mg, 12.0 mmol) in THF (15 ml) was added NaH (480 mg, 12.0 mmol) 
at 0 ºC, and the mixture was stirred for 1 h at same temperature. Then, the reaction mixture was 
added a solution of crude iodide (2.22 mmol) in THF/DMSO (2:1, 4.5 ml) at same temperature. 
After stirring for 24 h at room temperature, the reaction mixture was quenched by addition of 
saturated aqueous NH4Cl, extracted with AcOEt. The extract was washed with water and brine, dried, 
and concentrated to dryness. The residue was chromatographed with hexane-AcOEt (10:1) to afford 
187 (275 mg, 50%) as a colorless oil: IR 2258, 1956 cm-1; 1H NMR δ 4.81 (quin, J = 3.2 Hz, 2H), 
3.85 (t, J = 6.9 Hz, 1H), 2.26-2.17 (m, 4H), 1.99-1.93 (m, 2H), 1.45-1.29 (m, 4H), 0.91 (t, J = 7.3 Hz, 
3H); 13C NMR δ 204.8, 112.5, 100.6, 78.0, 31.9, 29.5, 28.8, 28.0, 22.3, 21.6, 13.9; DART MS m/z 






According to the procedure described for preparation of 187, 188 was a colorless oil: 1H 
NMR δ 4.75 (quin, J = 3.2 Hz, 2H), 3.97 (dd, J = 8.6, 6.2 Hz, 1H), 2.15-1.92 (m, 6H), 
1.45-1.30 (m, 4H), 1.24 (s, 9H), 0.90 (t, J = 7.2 Hz, 3H); 13C NMR δ 205.6, 205.1, 
117.3, 101.7, 77.2, 45.5, 36.0, 32.0, 29.5, 28.8, 27.6, 26.1, 22.3, 13.9. 
 
 
Preparation of 2-(4-Vinylideneoctyl)malononitrile (191). 
To a solution of 4-vinylideneoctan-1-ol (168 mg, 1.00 mmol) in CH2Cl2 (5 mL) were 
added Et3N (280 µL, 2.0 mmol) and MsCl (150 µL, 2.0 mmol) at 0 ºC. After stirring for 
15 min at same temperature, the reaction was quenched by addition of saturated 
NaHCO3, and the mixture was extracted with CH2Cl2. The extract was washed with 
water and brine, dried, and concentrated to dryness. The crude mesylate was carried 
through to the next step. To a solution of malononitrile (198 mg, 3.00 mmol) in THF 
(10 mL) was added NaH (120 mg, 3.0 mmol) at 0 ºC, and the mixture was stirred for 30 min at same 
temperature. Then, the crude mesylate and TBAI (190 mg, 0.50 mmol) were added to the mixture at 
0 ºC. After stirring for 16 h at room temperature, the reaction was quenched by addition of saturated 
aqueous NH4Cl, and the mixture was extracted with AcOEt. The extract was washed with water and 
brine, dried, and concentrated to dryness. The residue was chromatographed with hexane-AcOEt 
(10:1) to afford 191 (114 mg, 56%) as a colorless oil: IR 2258, 1956 cm-1; 1H NMR δ 4.73 (quin, J = 
3.2 Hz, 2H), 3.72 (t, J = 7.2 Hz, 1H), 2.11-2.01 (m, 4H), 1.93 (tt, J = 7.3, 5.2 Hz, 2H), 1.81-1.74 (m, 
2H), 1.45-1.29 (m, 4H), 0.91 (t, J = 7.2 Hz, 3H); 13C NMR δ 205.4, 112.5, 101.6, 76.8, 31.8, 30.35, 
30.25, 29.6, 24.2, 22.5, 22.4, 13.9; DART MS m/z 203 (M++1, 51.8); DART HRMS calcd for 
C13H19N2 203.1548, found 203.1544. 
 
2-Pivaloyl-6-vinylidenedecanenitrile (192). 
According to the procedure described for preparation of 191, 192 was a colorless oil: IR 
2243, 1956, 1722 cm-1; 1H NMR δ 4.71-4.64 (m, 2H), 3.82 (dd, J = 8.7, 6.4 Hz, 1H), 
1.98 (tt, J = 7.2, 3.6 Hz, 2H), 1.94-1.80 (m, 4H), 1.71-1.60 (m, 1H), 1.58-1.47 (m, 1H), 
1.43-1.29 (m, 4H), 1.26 (s, 9H), 0.90 (t, J = 7.3 Hz, 3H); 13C NMR δ 205.6, 205.5, 









To a solution of alcohol 193 (746 mg, 3.48 mmol), PPh3 (1.83 g, 6.96 mmol) and 
imidazole (474 mg, 6.96 mmol) in CH2Cl2 (11 mL) was added iodine (1.77 g, 6.96 
mmol) at 0 °C. After stirring for 30 min at room temperature, the reaction was 
quenched by addition of saturated aqueous Na2S2O3 and saturated aqueous NaHCO3, 
and the mixture was extracted with CH2Cl2, washed with water and brine, dried, and 
concentrated to dryness. The residue was passed through a short pad of silica gel with hexane to 
afford crude iodide. The crude iodide was carried through to the next step. To a solution of 
malononitrile (445 mg, 6.73 mmol) in THF (8.0 ml) was added NaH (269 mg, 6.73 mol) at 0 ºC. 
After stirring for 1 h at same temperature, the reaction mixture was added a solution of crude iodide 
and DMSO (1.0 ml) in THF (2.0 ml) at same temperature. After stirring for 9 h at room temperature, 
to the reaction mixture was added 10% aqueous HCl (2.0 ml) at 0 ºC. After stirring for 30 min at 
same temperature, the reaction was quenched by addition of saturated aqueous NaHCO3, extracted 
with Et2O, washed with water and brine, dried, and concentrated to dryness. The residue was 
chromatographed with hexane-AcOEt (2:1) to afford 194 (97.9 mg, 17%, from 193) as a colorless 
oil: 1H NMR δ 4.27 (brs, 2H), 4.09 (t, 1H, J = 6.9 Hz), 2.61 (tt, 2H, J = 6.9, 2.1 Hz), 2.26 (q, 2H, J = 
6.9 Hz); 13C NMR δ 112.2, 82.2, 80.9, 51.0, 29.6, 21.3, 16.2. 
 
2-(3-Phenylsulfonylpenta-3,4-dienyl)malononitrile (196). 
To a solution of PhSO2Na (493 mg, 3.00 mmol) in toluene (6.0 ml) was added a solution 
of (COCl)2 (250 µl, 3.0 mmol) in toluene (3.0 ml) at 0 ºC. After stirring for 1 h at room 
temperature, the reaction was added to a solution of 194 (148 mg, 1.00 mmol) and 
iPr2NEt (530 µl, 3.00 mmol) in THF (1.0 ml) at -78 ºC. After stirring for 1 h at same 
temperature, the reaction was quenched by addition of water, extracted with AcOEt, 
washed with water and brine, dried, and concentrated to dryness. The residue was passed through a 
short pad of silica gel with hexane-AcOEt (4:1) to afford crude sulfinate. To a solution of slufinate in 
toluene (5.0 mL) was added [RhCl(CO)2]2 (20.7 mg, 0.0534 mmol) at room temperature. After 
stirring for 6 h at 50 ºC, toluene was evaporated off, and the reaction mixture was chromatographed 
with hexane-AcOEt (2:1) to afford 196 (68.1 mg, 25% from 194) as a colorless oil: IR 2258, 1969, 
1321, 1154 cm-1; 1H NMR δ 7.92-7.90 (m, 2H), 7.70-7.66 (m, 1H), 7.59 (t, 2H, J = 8.0 Hz), 5.48 (t, 
2H, J = 2.7 Hz), 3.89 (t, 1H, J = 7.3 Hz), 2.59 (tt, 2H, J = 7.3, 2.7 Hz), 2.30 (q, 2H, J = 7.3 Hz); 







General procedure for Pauson-Khand-type reaction 
To a solution of allene (0.100 mmol) in toluene (1.0 mL) was added [RhCl(CO)dppp]2 (11.6 mg, 
1.00×10-2 mmol) under N2 atmosphere. The reaction mixture was stirred at each temperature under 
CO (1 atm) atmosphere until complete disappearance of the starting material monitored by TLC. 
Then, the solvent was evaporated off, and the residue was chromatographed with hexane-AcOEt or 
CH2Cl2-AcOEt to afford the corresponding cyclized products. Chemical yields are summarized in 
Table 1-5, Schemes 17-19 and 25. 
 
4-Phenylsulfonyl-1,3-dihydrobenzo[f]indol-2-one (111). 
Compound 111 was a pale orange powder: m.p. 238-241 ºC (CH2Cl2); IR 3343, 
1718, 1317, 1144 cm-1; 1H NMR (DMSO-d6) δ 11.04 (s, 1H), 8.44 (d, J = 7.9 
Hz, 1H), 8.04 (d, J = 7.6 Hz, 2H), 7.91 (d, J = 7.9 Hz, 1H), 7.64 (t, J = 7.6 Hz, 
1H), 7.55 (t, J = 7.6 Hz, 2H), 7.48-7.45 (m, 2H), 7.39 (t, J = 7.9 Hz, 1H), 4.19 
(s, 2H); 13C NMR (DMSO-d6) δ 175.4, 142.2, 141.7, 134.1, 133.8, 132.7, 
130.1, 129.5, 128.1, 126.8, 125.4, 123.84, 123.80, 110.2, 110.1, 38.2; EIMS m/z 323 (M+, 5.4); 
EIHRMS calcd for C18H13NO3S 323.0616, found 323.0615. 
 
6-Methoxy-4-phenylsulfonyl-1,3-dihydrobenzo[f]indol-2-one (112). 
Compound 112 was a red plate: m.p. 204-206 °C (CH2Cl2); IR 3395, 
1717, 1353, 1150 cm-1; 1H NMR (DMSO-d6) δ 10.91 (s, 1H), 8.06 (d, J 
= 7.3 Hz, 2H), 7.86 (d, J = 9.2 Hz, 2H), 7.77 (d, J = 2.3 Hz, 1H), 
7.73-7.55 (m, 3H), 7.46 (s, 1H), 7.16 (dd, J = 9.2, 2.3 Hz, 1H), 4.18 (s, 
2H), 3.76 (s, 3H); 13C NMR (DMSO-d6) δ 175.1, 156.4, 141.5, 140.3, 
133.7, 132.6, 129.5, 129.4, 129.1, 128.7, 126.7, 125.1, 118.4, 110.5, 103.6, 55.1, 38.2; EIMS m/z 353 
(M+, 100); EIHRMS calcd for C19H15NO4S 353.0722, found 353.0721. 
 
6-Chloro-4-phenylsulfonyl-1,3-dihydrobenzo[f]indol-2-one (113). 
Compound 113 was a pale orange powder: m.p. >226 ºC (decomposed) 
(CHCl3); IR 3431, 1718, 1321, 1157 cm-1; 1H NMR (DMSO-d6) δ 11.12 
(s, 1H), 8.42 (s, 1H), 8.02 (d, J = 8.2 Hz, 2H), 7.99 (d, J = 8.2 Hz, 1H), 
7.68 (t, J = 8.2 Hz, 1H), 7.59 (t, J = 8.2 Hz, 2H), 7.52-7.51 (m, 2H), 4.18 
(s, 2H); 13C NMR (DMSO-d6) δ 175.3, 142.8, 141.4, 134.2, 134.1, 132.6, 
130.2, 129.9, 129.7, 129.2, 127.2, 126.7, 124.4, 122.6, 110.0, 38.1; EIMS m/z 357 (M+, 100); 






Compound 114 was a pale orange powder: m.p. >260 ºC (decomposed) 
(AcOEt); IR 3429, 1709, 1308, 1148 cm-1; 1H NMR (DMSO-d6) δ 10.89 
(s, 1H), 8.00 (d, J = 7.3 Hz, 2H), 7.77 (s, 1H), 7.66 (t, J = 7.3 Hz, 1H), 
7.57 (t, J = 7.3 Hz, 2H), 7.39 (s, 1H), 7.37 (s, 1H), 6.09 (s, 2H), 4.10 (s, 
2H); 13C (DMSO-d6) NMR δ 175.4, 147.6, 147.1, 141.6, 141.1, 133.8, 
131.7, 129.6, 129.5, 129.4, 126.6, 120.5, 110.5, 104.3, 101.8, 100.4, 38.2; FABMS m/z 368 (M++1, 
8.0); FABHRMS calcd for C19H14NO5S 368.0593, found 368.0595. 
 
7-Methoxy-4-phenylsulfonyl-1,3-dihydrobenzo[f]indol-2-one (115). 
Compound 115 was a colorless powder: m.p. >288 ºC (decomposed) 
(CH2Cl2); IR 3416, 1718, 1329, 1146 cm-1; 1H NMR (DMSO-d6) δ 
10.99 (s, 1H), 8.36 (d, J = 9.3 Hz, 1H), 8.01 (d, J = 7.6 Hz, 2H), 7.64 (t, 
J = 7.6 Hz, 1H), 7.55 (t, J = 7.6 Hz, 2H), 7.39 (s, 1H), 7.37 (d, J = 2.7 
Hz, 1H), 7.04 (dd, J = 9.3, 2.7 Hz, 1H), 4.12 (s, 2H), 3.81 (s, 3H); 13C 
NMR (DMSO-d6) δ 175.5, 157.6, 142.7, 141.8, 136.0, 133.8, 130.2, 129.6, 129.5, 126.7, 125.3, 





Compound 116 was a pale orange plate: m.p. 245-248 ºC (CH2Cl2); IR 3437, 
1718 cm-1; 1H NMR (DMSO-d6) δ 10.62 (s, 1H), 7.90 (d, J = 7.6 Hz, 1H), 
7.76 (d, J = 7.6 Hz, 1H), 7.40 (t, J = 7.6 Hz, 1H), 7.34 (t, J = 7.6 Hz, 1H), 7.01 
(s, 1H), 3.56 (s, 2H), 2.47 (s, 3H); 13C NMR (DMSO-d6) δ 175.9, 141.5, 
133.5, 129.3, 128.5, 127.3, 125.9, 125.6, 123.7, 123.4, 102.2, 34.7, 15.0; 
EIMS m/z 197 (M+, 100); EIHRMS calcd for C13H11NO 197.0841 , found 197.0838. 
 
6-Methoxy-4-methyl-1,3-dihydrobenzo[f]indol-2-one (117). 
Compound 117 was an orange plate: m.p. 230-232 °C (CH2Cl2); IR 
3230, 1709 cm-1; 1H NMR (DMSO-d6) δ 10.49 (s, 1H), 7.70 (d, J = 9.0 
Hz, 1H), 7.24 (d, J = 2.4 Hz, 1H), 7.09 (dd, J = 9.0, 2.4 Hz, 1H), 6.97 (s, 
1H), 3.87 (s, 3H), 3.55 (s, 2H), 2.46 (s, 3H); 13C NMR (DMSO-d6) δ 
175.7, 155.6, 139.5, 129.5, 128.7, 128.4, 128.2, 126.2, 117.1, 103.5, 






Compound 118 was a pale yellow powder: m.p. 282-291 ºC (sublimation) 
(CH2Cl2); IR 3435, 1715 cm-1; 1H NMR (DMSO-d6) δ 10.69 (s, 1H), 
7.92 (s, 1H), 7.82 (d, J = 8.9 Hz, 1H), 7.41 (d, J = 8.9 Hz), 7.05 (s, 1H), 
3.58 (s, 2H), 2.46 (s, 3H); 13C NMR (DMSO-d6) δ 175.8, 142.0, 132.0, 
129.39, 129.36, 128.9, 127.9, 127.3, 125.9, 122.8, 102.2, 34.8, 15.0; 
EIMS m/z 231 (M+, 100); EIHRMS calcd for C13H10ClNO 231.0451, found 231.0452. 
 
9-Methyl-1,3-benzodioxolo[5,6-f]-6,8-dihydroindol-7-one (119). 
Compound 119 was a pale yellow powder: m.p. >285 °C dec. (CH2Cl2); 
IR 3448, 1718 cm-1; 1H NMR (DMSO-d6) δ 10.48 (s, 1H), 7.30 (s, 1H), 
7.24 (s, 1H), 6.92 (s, 1H), 6.07 (s, 2H), 3.51 (s, 2H), 2.40 (s, 3H); 13C 
NMR (DMSO-d6) δ 175.9, 146.8, 145.5, 140.3, 130.3, 128.6, 124.7, 
123.9, 103.8, 102.6, 100.8, 100.7, 34.8, 15.5; EIMS m/z 241 (M+, 81.6); 
EIHRMS calcd for C14H11NO3 241.0739, found 241.0737. 
 
7-Methoxy-4-methyl-1,3-dihydrobenzo[f]indol-2-one (120). 
Compound 120 was a colorless powder: m.p. 230-231 °C (CH2Cl2); IR 
3437, 1715 cm-1; 1H NMR (DMSO-d6) δ 10.57 (s, 1H), 7.80 (d, J = 8.9 
Hz, 1H), 7.22 (s, 1H), 6.98 (d, J = 8.9 Hz, 1H), 6.95 (s, 1H), 3.84 (s, 
3H), 3.51 (s, 2H), 2.43 (s, 3H); 13C NMR (DMSO-d6) δ 176.1, 157.1, 
142.1, 135.0, 129.2, 125.2, 123.7, 123.3, 114.9, 106.5, 101.8, 55.0, 34.6, 
15.0; EIMS m/z 227 (M++1, 100); EIHRMS calcd for C14H13NO2 227.0946, found 227.0945. 
  
4-Methyl-6-nitro-1,3-dihydrobenzo[f]indol-2-one (121). 
Compound 121 was a pale yellow powder: m.p. >285 °C (CH2Cl2); IR 
3433, 1718, 1506, 1340 cm-1; 1H NMR (DMSO-d6) δ 10.96 (s, 1H), 
8.75 (s, 1H), 8.12 (d, J = 8.2 Hz, 1H), 7.98 (d, J = 8.2 Hz, 1H), 7.17 (s, 
1H), 3.63 (s, 2H), 2.56 (s, 3H); 13C NMR (DMSO-d6) δ 175.8, 145.5, 
142.7, 137.2, 131.8, 128.7, 128.3, 126.9, 120.5, 118.9, 102.3, 34.5, 15.0; 









Compound 122 was a yellow needle: m.p. >290 °C (decomposed) 
(CH2Cl2); IR (KBr) 3543, 1707, 1542, 1346 cm-1; 1H NMR (DMSO-d6) 
δ 10.87 (s, 1H), 8.85 (d, J = 2.4 Hz, 1H), 8.14 (d, J = 9.3 Hz, 1H), 8.05 
(dd, J = 9.3, 2.4 Hz, 1H), 7.37 (s, 1H), 3.67 (s, 2H), 2.55 (s, 3H); 13C 
NMR (DMSO-d6) δ 175.7, 144.9, 143.4, 132.7, 131.3, 130.6, 129.9, 
125.8, 123.5, 116.3, 103.9, 34.9, 15.1; DARTMS m/z 243 (M++1, 56.7); DARTHRMS calcd for 
C13H11N2O3 243.0770, found 243.0770. 
 
1,3-Dihydrobenzo[f]indol-2-one (123). 
Compound 123 was a colorless plate: m.p. 249-254 ºC (AcOEt); IR 3439, 
1713 cm-1; 1H NMR (DMSO-d6) δ 10.66 (s, 1H), 7.79 (d, J = 7.6 Hz, 1H), 
7.77 (d, J = 7.6 Hz, 1H), 7.70 (s, 1H), 7.39 (t, J = 7.6 Hz, 1H), 7.30 (t, J = 7.6 
Hz, 1H), 7.13 (s, 1H), 3.61 (s, 2H); 13C NMR (DMSO-d6) δ 176.0, 142.3, 
133.2, 129.4, 127.7, 127.4, 126.7, 125.8, 123.5, 123.2, 103.7, 35.1; EIMS m/z 
183 (M+, 86.2); EIHRMS calcd for C12H9NO 183.0684, found 183.0681. 
 
4,9-Dimethyl-1,3-dihydrobenzo[f]indol-2-one (135). 
Compound 135 was colorless powder: m.p. 243-244 °C (CH2Cl2); IR 3443, 
1701 cm-1; 1H NMR (DMSO-d6) δ 10.63 (s, 1H), 7.93 (d, J = 7.3 Hz, 1H), 
7.87 (d, J = 7.3 Hz, 1H), 7.47 (t, J = 7.3 Hz, 1H), 7.38 (t, J = 7.3 Hz, 1H), 3.57 
(s, 2H), 2.45 (s, 3H), 2.44 (s, 3H); 13C NMR (DMSO-d6) δ 176.2, 139.5, 132.7, 
128.8, 126.9, 125.44, 125.42, 124.0, 123.3, 123.1, 108.2, 35.2, 14.9, 12.3; 
DART MS m/z 212 (M++1, 59.8); DART HRMS calcd for C14H14NO 212.1075, found 212.1077. 
  
9-Methyl-4-phenylsulfonyl-1,3-dihydrobenzo[f]indol-2-one (136). 
Compound 136 was colorless powder: m.p. >290 °C decomposed (CH2Cl2); 
IR 3447, 1705, 1300, 1148 cm-1; 1H NMR (DMSO-d6) δ 11.02 (s, 1H), 8.51 (d, 
1H, J = 7.6 Hz), 8.03 (d, 2H, J = 7.6 Hz), 7.98 (d, 1H, J = 7.6 Hz), 7.63 (t, 1H, 
J = 7.6 Hz), 7.56-7.50 (m, 3H), 7.41 (t, 1H, J = 7.6 Hz), 4.23 (s, 2H), 2.54 (s, 
3H); 13C NMR (DMSO-d6) δ 175.6, 142.0, 140.5, 133.6, 133.1, 132.1, 129.4, 
128.0, 126.65, 126.62, 125.1, 124.18, 124.15, 124.0, 117.6, 38.6, 13.3; DART MS m/z 338 (M++1, 







Compound 137 was a colorless amorphous: IR 3447, 3296, 1304, 1140 cm-1; 1H 
NMR δ 9.22 (brs, 1H), 8.02—8.00 (m, 2H), 7.85 (d, J = 7.3 Hz, 1H), 7.53-7.44 (m, 
3H), 7.33 (d, J = 2.7 Hz, 1H), 7.29-7.24 (m, 2H), 7.15 (t, J = 7.3 Hz, 1H), 1.40 (s, 
6H); 13C NMR δ 154.2, 150.0, 143.5, 134.9, 132.5, 129.1, 127.3, 126.6, 125.7, 
124.7, 122.7, 121.9, 120.6, 118.2, 42.8, 25.4; DART MS m/z 324 (M++1, 41.4); 
DART HRMS calcd for C19H18NO2S 324.1058, found 324.1061. 
 
3-[(E)-1,2-Bis(phenylsulfonyl)vinyl]-1,1-dimethylinden-2-amine (138). 
Compound 138 was a yellow plates: m.p. >150 °C decomposed (AcOEt); IR 
3491, 3396, 1319, 1310, 1151 cm-1; 1H NMR δ 7.90 (s, 1H), 7.71-7.68 (m, 
4H), 7.50-7.47 (m, 2H), 7.34-7.31 (m, 4H), 6.99-6.97 (m, 1H), 6.86-6.83 (m, 
2H), 6.39-6.37 (m, 1H), 4.20 (s, 2H), 1.21 (s, 3H), 1.00 (s, 3H); 13C NMR δ 
162.6, 148.8, 145.2, 141.7, 139.0, 138.9, 136.9, 134.2, 134.0, 129.0, 128.9, 
128.8, 128.3, 126.5, 122.0, 120.1, 117.3, 94.8, 47.9, 25.0, 24.1; DART MS 
m/z 466 (M++1, 13.6); DART HRMS calcd for C25H24NO4S2 466.1147, found 466.1147. The 
structure of 7 was unambiguously determined by an X-ray crystallography. 
 
2-[(1E)-2,3-bisphenylsulfonylprop-1-enyl]benzonitrile (140).. 
Compound 140 was a red solid: IR 2230, 1323, 1151 cm-1; 1H NMR δ 8.22 (s, 
1H), 7.93 (d, 2H, J = 7.6 Hz), 7.75 (d, 1H, J = 7.6 Hz), 7.69-7.66 (m, 5H), 7.62 (t, 
1H, J = 7.6 Hz), 7.59 (t, 2H, J = 7.6 Hz), 7.50 (t, 1H, J = 7.6 Hz), 7.47 (t, 2H, J = 
7.6 Hz), 4.43 (s, 2H); DART MS m/z 424 (M++1, 59.8); DART HRMS calcd for 
C22H18NO4S2 424.0677, found 424.0692. 
 
6-Butyl-8-cyano-2-azabicyclo[3.3.0]octa-1(8),5-dien-3-one (145). 
Compound 145 was a colorless plate: m.p. 140-142 ºC (AcOEt); IR 3421, 3209, 
2201, 1751, 1682, 1626 cm-1; 1H NMR δ 8.48 (brs, 1H), 3.43 (s, 2H), 3.21 (s, 2H), 
2.39 (t, J = 7.6 Hz, 2H), 1.53 (quin, J = 7.6 Hz, 2H), 1.33 (sex, J = 7.6 Hz, 2H), 
0.93 (t, J = 7.6 Hz, 3H); 13C NMR δ 177.9, 157.7, 146.8, 130.0, 116.5, 73.5, 46.8, 
31.6, 30.6, 29.3, 22.5, 13.7; DART MS m/z 203 (M++1, 100); DART HRMS calcd 
for C12H15N2O 203.1184, found 203.1192. The structure of 11b was unambiguously determined by 













Compound 153 was a colorless plate: m.p. 109-111 ºC (AcOEt); IR 3431, 3229, 
1747, 1682, 1624 cm-1; 1H NMR δ 8.25 (brs, 1H), 4.22 (q, J = 7.1 Hz, 2H), 3.40 
(s, 2H), 3.21 (s, 2H), 2.39 (t, J = 7.6 Hz, 2H), 1.54 (quin, J = 7.6 Hz, 2H), 
1.39-1.30 (m, 5H), 0.93 (t, J = 7.6 Hz, 3H); 13C NMR δ 178.7, 163.9, 155.5, 
147.3, 129.8, 98.3, 59.6, 44.2, 31.7, 30.7, 29.5, 22.6, 14.7, 13.8; DART MS m/z 




Compound 154 was a yellow powder: m.p. >245 °C decomposed (AcOEt); 
IR 3524, 1720, 1583, 1335 cm-1; 1H NMR (DMSO-d6) δ 11.16 (s, 1H), 8.06 
(d, J = 9.2 Hz, 2H), 7.54 (d, J = 9.2 Hz, 2H), 3.54 (s, 2H), 3.21 (s, 2H), 2.37 
(t, J = 7.3 Hz, 2H), 1.53 (quin, J = 7.3 Hz, 2H), 1.31 (sex, J = 7.3 Hz, 2H), 
0.89 (t, J = 7.3 Hz, 3H); 13C NMR (DMSO-d6) δ 180.2, 147.5, 142.6, 142.2, 
141.8, 132.9, 124.5, 124.0, 105.3, 45.2, 30.8, 30.2, 28.7, 22.1, 13.8; DART MS m/z 299 (M++1, 
100); DART HRMS calcd for C17H19N2O3 299.1396, found 299.1407. 
 
8-Benzenesulfonyl-6-butyl-2-azabicyclo[3.3.0]octa-1(8),5-dien-3-one (155). 
Compound 155 was a colorless plate: m.p. 105-107 ºC (hexane/AcOEt); IR 
3416, 1753, 1680, 1624, 1294, 1157 cm-1; 1H NMR δ 8.55 (brs, 1H), 7.89-7.87 
(m, 2H), 7.58-7.56 (m, 1H), 7.53-7.50 (m, 2H), 3.32 (s, 2H), 3.20 (s, 2H), 2.33 
(t, J = 7.6 Hz, 2H), 1.48 (quin, J = 7.6 Hz, 2H), 1.30 (sex, J = 7.6 Hz, 2H), 0.90 
(t, 3H, J = 7.6 Hz); 13C NMR δ 177.9, 154.8, 148.2, 142.5, 132.7, 129.4, 129.2, 
126.6, 102.5, 44.2, 31.5, 30.5, 29.4, 22.5, 13.7; DART MS m/z 318 (M++1, 100); DART HRMS 
calcd for C17H20NO3S 318.1164, found 318.1166. 
 
6-Butyl-8-pivaloyl-2-azabicyclo[3.3.0]octa-1(8),5-dien-3-one (156). 
Compound 156 was a colorless plate: m.p. 120-122 ºC (AcOEt); IR 3418, 3254, 
1745, 1674, 1630, 1560 cm-1; 1H NMR δ 8.90 (brs, 1H), 3.59 (s, 2H), 3.18 (s, 2H), 
2.42 (t, J = 7.6 Hz, 2H), 1.57 (quin, J = 7.6 Hz, 2H), 1.37 (sex, J = 7.6 Hz, 2H), 
1.24 (s, 9H), 0.95 (t, J = 7.6 Hz, 3H); 13C NMR δ 200.7, 179.0, 160.6, 146.6, 
129.8, 106.4, 45.9, 42.7, 31.2, 30.7, 29.4, 27.1, 22.6, 13.8; DART MS m/z 262 


















Compound 179 was a colorless powder: m.p. >232 ºC decomposed (AcOEt); IR 
3420, 3190, 2201, 1749, 1686, 1628 cm-1; 1H NMR (DMSO-d6) δ 11.37 (brs, 1H), 
3.43 (s, 2H), 3.18 (s, 2H), 1.96 (s, 3H); 13C NMR (DMSO-d6) δ 179.1, 159.3, 
140.7, 131.5, 117.1, 71.1, 47.6, 30.8, 14.5; DART MS m/z 161 (M++1, 100); 
DART HRMS calcd for C9H9N2O 161.0715, found 161.0724. 
 
8-Cyano-6-(1-methylethyl)-2-azabicyclo[3.3.0]octa-1(8),5-dien-3-one (43). 
Compound 43 was a colorless plate: m.p. 205-208 ºC (AcOEt); IR 3420, 3196, 
2201, 1749, 1678, 1624 cm-1; 1H NMR δ 8.75 (brs, 1H), 3.44 (s, 2H), 3.28 (s, 2H), 
2.73 (sep, J = 6.9 Hz, 1H), 1.18 (d, J = 6.9 Hz, 6H); 13C NMR δ 178.1, 158.1, 
152.3, 128.6, 116.6, 73.3, 45.0, 32.2, 29.5, 22.0; DART MS m/z 189 (M++1, 100); 
DART HRMS calcd for C11H13N2O 189.1028, found 189.1021. 
 
8-Cyano-6-(1,1-dimethylethyl)-2-azabicyclo[3.3.0]octa-1(8),5-dien-3-one (180). 
Compound 180 was a colorless plate: m.p. 218-221 ºC (AcOEt); IR 3420, 3205, 
2201, 1753, 1674, 1618 cm-1; 1H NMR δ 8.55 (brs, 1H), 3.47 (s, 2H), 3.31 (s, 2H), 
1.21 (s, 9H); 13C NMR δ 178.0, 157.9, 155.6, 127.9, 116.5, 73.4, 44.1, 34.2, 33.3, 
30.1; DART MS m/z 203 (M++1, 100); DART HRMS calcd for C12H15N2O 




Compound 181 was a colorless needle: m.p. 214-216 ºC (AcOEt); IR 3420, 3219, 
2203, 1751, 1688, 1630 cm-1; 1H NMR δ 8.83 (brs, 1H), 4.51 (t, J = 1.8 Hz, 2H), 
3.44 (s, 2H), 3.29 (brs, 2H), 0.92 (s, 9H), 0.09 (s, 6H); 13C NMR δ 178.3, 157.9, 
144.7, 130.7, 116.5, 73.8, 61.1, 44.2, 32.2, 25.8, 18.2, -5.5; DART MS m/z 291 
(M++1, 100); DART HRMS calcd for C15H23N2O2Si 291.1529, found 291.1547. 
 
8-Pivaloyl-6-methyl-2-azabicyclo[3.3.0]octa-1(8),5-dien-3-one (182). 
Compound 182 was a colorless needle: m.p. 176-178 ºC (AcOEt); IR 3418, 1745, 
1680, 1632, 1560 cm-1; 1H NMR δ 8.87 (brs, 1H), 3.60 (s, 2H), 3.15 (s, 2H), 2.07 
(s, 3H), 1.24 (s, 9H); 13C NMR δ 200.7, 179.1, 160.5, 141.6, 130.6, 106.6, 47.5, 
42.7, 30.7, 27.1, 14.8; DART MS m/z 220 (M++1, 100); DART HRMS calcd for 











Compound 183 was a colorless plate: m.p. 158-159 ºC (AcOEt); IR 3418, 1745, 
1668, 1628, 1560 cm-1; 1H NMR δ 8.86 (brs, 1H), 3.60 (s, 2H), 3.23 (s, 2H), 2.75 
(sep, J = 6.9 Hz, 1H), 1.24 (s, 9H), 1.21 (d, J = 6.9 Hz, 6H); 13C NMR δ 200.8, 
178.9, 160.7, 152.3, 128.4, 106.3, 44.0, 42.7, 31.9, 29.5, 27.1, 22.2; DART MS m/z 
248 (M++1, 100); DART HRMS calcd for C15H22NO2 248.1651, found 248.1660. 
 
8-Pivaloyl-6-(1,1-dimethylethyl)-2-azabicyclo[3.3.0]octa-1(8),5-dien-3-one (184). 
 Compound 184 was a colorless needle: m.p. 175-180 ºC (AcOEt); IR 3418, 1745, 
1664, 1624, 1560 cm-1; 1H NMR δ 8.87 (brs, 1H), 3.62 (s, 2H), 3.27 (s, 2H), 1.25 
(s, 9H), 1.24 (s, 9H); 13C NMR δ 200.9, 178.9, 160.6, 155.4, 127.9, 106.2, 42.80, 
42.76, 34.1, 32.9, 30.2, 27.1; DART MS m/z 262 (M++1, 100); DART HRMS 
calcd for C16H24NO2 262.1807, found 262.1787. 
 
2-Butyl-5-cyano-7-azabicyclo[4.3.0]nona-1,5-dien-8-one (199). 
Compound 99 was a colorless plate: m.p. 141-143 ºC (hexane/AcOEt); IR 3410, 
3198, 2197, 1749, 1718, 1691, 1641 cm-1; 1H NMR δ 8.43 (brs, 1H), 3.14 (s, 2H), 
2.47 (t, J = 8.7 Hz, 2H), 2.32 (t, J = 8.7 Hz, 2H), 2.12 (t, J = 7.3 Hz, 2H), 1.44 (quin, 
J = 7.3 Hz, 2H), 1.32 (sex, J = 7.3 Hz, 2H), 0.93 (t, J = 7.3 Hz, 3H); 13C NMR δ 
174.5, 150.3, 142.8, 120.8, 118.4, 71.9, 34.1, 32.6, 29.2, 26.5, 22.5, 22.1, 13.9; 
DART MS m/z 217 (M++1, 100); DART HRMS calcd for C13H17N2O 217.1341, found 217.1343. 
 
2-Butyl-5-cyano-7-azabicyclo[4.3.0]nona-1,3,5-trien-8-one (200). 
Compound 200 was a colorless powder: m.p. 131-132 ºC (hexane/AcOEt); IR 3420, 
3198, 2230, 1747, 1717, 1618, 1603 cm-1; 1H NMR δ 7.85 (brs, 1H), 7.36 (d, J = 
8.2 Hz, 1H), 6.91 (d, J = 8.2 Hz, 1H), 3.51 (s, 2H), 2.58 (t, J = 7.6 Hz, 2H), 
1.61-1.56 (m, 2H), 1.37 (sex, J = 7.6 Hz, 2H), 0.94 (t, J = 7.6 Hz, 3H); 13C NMR δ 
175.7, 145.8, 144.6, 130.3, 124.3, 123.0, 116.1, 91.0, 34.8, 33.0, 31.5, 22.4, 13.8; 
DART MS m/z 215 (M++1, 100); DART HRMS calcd for C13H15N2O 215.1184, found 215.1182. 
 
4-Butyl-7-pivaroyl-1,3,5,6-tetrahydro-2H-indole-2-one (201). 
Compound 201 was a brown solid: 10.5 (brs, 1H), 3.05 (s, 2H), 2.74 (t, J = 7.3 Hz, 
2H), 2.28 (t, J = 7.3 Hz, 2H), 2.22 (t, J = 7.3 Hz, 2H), 2.16 (, J = 7.3 Hz t, 2H), 












Compound 202 was a colorless oil: IR 2251, 1321, 1151 cm-1; 1H NMR δ 7.91-7.89 (m, 
2H), 7.77-7.72 (m, 1H), 7.65-7.61 (m, 2H), 6.07 (t, 1H, J = 2.3 Hz), 5.81 (t, 1H, J = 2.3 
Hz), 4.23-4.21 (m, 1H), 2.64-2.32 (m, 4H); 13C NMR δ 137.7, 135.7, 134.8, 129.6, 




Compound 203 was a colorless oil: 1H NMR δ 7.92-7.89 (m, 2H), 7.73 (tt, 1H, J = 7.6, 






 Compound 204 was a colorless needle: m.p. 147-149 ºC (AcOEt); IR 3404, 2195, 
1732, 1659, 1622 cm-1; 1H NMR δ 7.67 (brs, 1H), 3.23-3.22 (m, 2H), 2.51 (dd, J = 
6.2, 5.2 Hz, 2H), 2.46-2.45 (m, 2H), 2.09 (t, J = 7.6 Hz, 2H), 1.92-1.88 (m, 2H), 
1.45-1.40 (m, 2H), 1.35 (sex, J = 7.2 Hz, 2H), 0.93 (t, J = 7.2 Hz, 3H); 13C NMR δ 
172.9, 151.2, 149.8, 121.2, 119.6, 84.2, 37.7, 36.2, 35.9, 30.3, 29.3, 23.8, 22.7, 







To a solution of 43 (564 mg, 3.00 mmol) in THF (15 mL) were added 
hept-6-en-1-al (673 mg, 6.00 mmol), DBU (830 µl, 6.00 mmol) and 
pyrrolidine (50 µl, 0.60 mmol) at room temperature. After stirring for 16 h 
at 40 ºC, the reaction was quenched by addition of aqueous NH4Cl, 
extracted with AcOEt, washed with water and brine, dried, and 
concentrated to dryness. The residue was chromatographed with 
hexane-AcOEt (4:1) to afford 271 (339 mg, 40%) as a yellow needles; IR 3171, 2202, 1763, 1651, 
1636, 1594 cm-1; 1H NMR δ 9.03 (s, 1H), 6.38 (t, J = 7.9 Hz, 1H), 5.84-5.78 (m, 1H), 5.04-5.01 (m, 
1H), 4.97-4.94 (m, 1H), 3.35 (s, 2H), 2.89 (sep, J = 6.8 Hz, 1H), 2.80 (q, J = 7.9 Hz, 2H), 2.11 (q, J 
75 
 
= 7.2 Hz, 2H), 1.62-1.57 (m, 2H), 1.53-1.48 (m, 2H), 1.20 (d, J = 6.8 Hz, 6H); 13C NMR δ 177.8, 
160.2, 143.3, 141.1, 138.6, 137.8, 126.8, 117.0, 114.6, 69.5, 33.5, 32.5, 29.0, 28.33, 28.32, 25.7, 





To a solution of 271 (58.4 mg, 0.204 mmol) in THF (2.0 mL) were added 
iPr2NEt (140 µl, 0.81 mmol), BnBr (50 µl, 0.41 mmol) and TBAI (75.3 mg, 
0.204 mmol) at room temperature. After stirring for 16 h at same 
temperature, the reaction was quenched by addition of saturated aqueous 
NH4Cl, extracted with AcOEt, washed with water and brine, dried, and 
concentrated to dryness. The residue was chromatographed with 
hexane-AcOEt (10:1) to afford 272 (67.0 mg, 90%) as a orange plates; IR 2198, 1745, 1637, 1593 
cm
-1; 1H NMR δ 7.53 (d, J = 7.4 Hz, 2H), 7.36 (t, J = 7.4 Hz, 2H), 7.30 (t, J = 7.4 Hz, 1H), 6.35 (t, J 
= 8.1 Hz, 1H), 5.84- 5.77 (m, 1H), 5.04-5.00 (m, 3H), 4.97-4.94 (m, 1H), 3.36 (s, 2H), 2.90-2.80 (m, 
3H), 2.10 (q, J = 7.0 Hz, 2H), 1.60-1.55 (m, 2H), 1.51-1.47 (m, 2H), 1.18 (d, J = 6.9 Hz, 6H); 13C 
NMR δ 176.7, 160.4, 142.9, 141.1, 138.6, 137.7, 135.5, 128.8, 128.7, 128.1, 125.2, 117.6, 114.6, 
69.8, 44.7, 33.5, 32.1, 29.1, 28.4, 28.2, 25.7, 22.7; DARTMS m/z 373 (M++1, 100); 




To a solution of 272 (50.0 mg, 0.134 mmol) in THF (1.0 ml) and EtOH 
(0.7 ml) was added NaBH4 (10.1 mg, 0.268 mmol) at 0 ºC. After stirring 
for 5 min at room temperature, the reaction was quenched by addition of 
saturated aqueous NH4Cl, extracted with AcOEt, washed with water and 
brine, dried, and concentrated to dryness. The residue was 
chromatographed with hexane-AcOEt (10:1) to afford 273 (33.3 mg, 66%) 
as a pale yellow oil; IR 2193, 1745, 1669, 1621 cm-1; 1H NMR δ 7.50-7.48 (m, 2H), 7.36-7.34 (m, 
2H), 7.31-7.26 (m, 1H), 5.81-5.75 (m, 1H), 5.00-4.90 (m, 4H), 3.60 (dd, 1H, J = 5.8, 4.5 Hz), 
3.36-3.27 (m, 2H), 2.56 (sep, 1H, J = 6.8 Hz), 2.01 (q, 2H, J = 7.0 Hz), 1.97-1.91 (m, 1H), 1.73-1.67 
(m, 1H), 1.37-1.32 (m, 2H), 1.31-1.23 (m, 2H), 1.21 (d, 3H, J = 6.8 Hz), 1.18-1.14 (m, 1H), 1.11 (d, 
3H, J = 6.8 Hz), 1.09-1.03 (m, 1H); 13C NMR δ 177.0, 157.8, 155.3, 138.8, 135.4, 128.7, 128.6, 
128.0, 126.2, 116.8, 114.3, 78.8, 57.2, 44.7, 33.6, 32.2, 29.2, 28.9, 28.6, 28.1, 24.0, 23.2, 20.7; 







To a solution of 273 (32.0 mg, 8.54x10-2 mmol) in CH2Cl2 (1.0 ml) was 
added DIBAL (100 µl, 0.103 mmol, 1 M in toluene) at -78 ºC. After 
stirring for 5 min at same temperature, the reaction was quenched by 
addition of saturated aqueous potassium sodium tartrate, extracted with 
AcOEt, washed with water and brine, dried, and concentrated to 
dryness. The crude hemiaminal was carried through to the next step. To a solution of crude 
hemiaminal in CH2Cl2 (1.0 ml) were added allyltributyltin (53 µl, 0.17 mmol) and BF3•OEt2 (10 µl, 
8.5x10-2 mmol) at 0 ºC. After stirring for 5 min at same temperature, the reaction was quenched by 
addition of saturated aqueous NaHCO3, extracted with AcOEt, washed with water and brine, dried, 
and concentrated to dryness. The residue was chromatographed with hexane-AcOEt (10:1) to afford 
275 (27.2 mg, 80%, two diasteromers, 3:2) as a pale yellow oil; IR 2170, 1702, 1659, 1619 cm-1; 1H 
NMR δ 7.36-7.20 (m, 5H), 5.85-5.78 (m, 1H), 5.67-5.60 (m, 1H), 5.13-5.09 (m, 2H), 5.02-4.97 (m, 
2H), 4.94-4.92 (m, 1H.), 4.33 (d, J = 15.8 Hz, 3/5 x 1H), 4.30 (d, J = 15.8 Hz, 2/5 x 1H), 3.99-3.97 
(m, 1H), 3.72 (brs, 1H), 2.78-2.73 (m, 1H), 2.48-2.38 (m, 3H), 2.34-2.26 (m, 1H), 2.05-2.03 (m, 2H), 
1.89-1.84 (m, 1H), 1.65-1.62 (m, 1H), 1.40-1.26 (m, 6H), 1.17-1.15 (m, 3H), 1.13-1.07 (m, 3H); 13C 
NMR δ 165.3, 165.1, 151.8, 151.6, 139.10, 139.08, 136.43, 136.40, 135.5, 135.3, 132.6, 132.4, 
128.7, 128.2, 128.1, 127.6, 120.7, 120.6, 118.7, 118.6, 114.2, 66.11, 66.08, 65.1, 64.8, 57.92, 57.90, 
47.86, 47.84, 37.4, 37.3, 33.8, 33.7, 30.0, 29.8, 29.44, 29.41, 28.8, 28.42, 28.40, 27.88, 27.85, 27.81, 
26.8, 23.93, 23.91, 23.0, 22.8, 20.8, 20.7, 17.6, 13.6; DARTMS m/z 401 (M++1, 12.9); 




To a solution of 275 (10.0 mg, 2.50x10-2 mmol, cis:trans = 3:2) in toluene (1.0 ml) 
was added Hoveyda-Grubbs 2nd catalyst (1.6 mg, 2.5x10-3 mmol) at room 
temperature. After stirring for 1.5 h at same temperature, the reaction mixture was 
concentrated to dryness. The residue was chromatographed with hexane-AcOEt 
(5:1) to afford 276 (3.7 mg, 37%) as a colorless oil; IR 2171, 1661, 1623 cm-1; 1H 
NMR δ 7.38-7.28 (m, 5H), 5.39-5.32 (m, 1H), 5.28-5.21 (m, 1H), 5.09 (d, J = 15.1 Hz, 1H), 4.27 (d, 
J = 15.1 Hz, 1H), 4.05-4.01 (m, 1H), 3.82-3.79 (m, 1H), 2.83-2.75 (m, 1H), 2.57-2.46 (m, 3H), 
2.12-1.90 (m, 5H), 1.51-1.24 (m, 5H), 1.22 (d, J = 6.9 Hz, 3H), 1.15-1.10 (m, 1H), 1.07 (d, J = 6.9 
Hz, 3H); 13C NMR δ 164.6, 150.7, 136.9, 136.4, 134.6, 128.7, 128.2, 127.7, 123.7, 121.0, 65.7, 65.3, 
77 
 
58.1, 47.8, 35.2, 30.6, 28.9, 28.7, 28.0, 27.9, 27.6, 23.2, 22.9, 20.6; DARTMS m/z 373 (M++1, 
100); DARTHRMS calcd for C26H33N2 373.2644, found 373.2659. 
 
2-Benzyl-15-cyano-13-(1-methylethyl)-2-azatricyclo[10.2.1.13.14]-hexadeca-1(15),13-diene (277). 
To a solution of 276 (1.6 mg, 4.3x10-3 mmol) in MeOH (0.4 ml) was added Pd/C 
(9.1 mg, 4.3x10-3 mmol) at 0 ºC. After stirring for 1 h at room temperature under 
H2 (1 atm) atmosphere, the reaction was filtrated to afford 277 (1.1 mg, 69%) as a 
colorless oil; IR 2173, 1659, 1624 cm-1; 1H NMR δ 7.37-7.28 (m, 5H), 5.08 (d, J = 
15.1 Hz, 1H), 4.19-4.17 (m, 2H), 3.87-3.85 (m, 1H), 2.87-2.81 (m, 1H), 2.58-2.52 
(m, 2H), 2.03-1.88 (m, 3H), 1.49-1.39 (m, 2H), 1.33-1.22 (m, 13H), 1.09-0.99 (m, 4H); 13C NMR δ 
164.8, 151.7, 137.2, 136.4, 128.7, 128.1, 127.6, 121.0, 66.0, 65.2, 58.1, 47.5, 30.4, 29.3, 28.1, 27.6, 
26.3, 26.1, 25.7, 25.2, 23.4, 23.3, 22.8, 20.6; DARTMS m/z 375 (M++1, 76.9); DARTHRMS 
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OBNUC 13C
EXMOD single_pulse_dec
OBFRQ       100.53 MHz
SLVNT CDCL3










10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ       600.17 MHz
SLVNT CDCL3






















220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0.0
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ       150.92 MHz
SLVNT CDCL3










10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ       600.17 MHz
SLVNT CDCL3


















220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0.0
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ       150.92 MHz
SLVNT CDCL3










10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ       399.78 MHz
SLVNT CDCL3


























220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0.0
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ       100.53 MHz
SLVNT CDCL3










10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ       399.78 MHz
SLVNT CDCL3






















220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0.0
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ       100.53 MHz
SLVNT CDCL3










10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ       600.17 MHz
SLVNT CDCL3






























220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0.0
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ       150.92 MHz
SLVNT CDCL3










10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ       600.17 MHz
SLVNT CDCL3


























220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0.0
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ       150.92 MHz
SLVNT CDCL3










10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ       399.78 MHz
SLVNT CDCL3


























220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0.0
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ       100.53 MHz
SLVNT CDCL3









10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 -1.0
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ       600.17 MHz
SLVNT CDCL3















220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0.0
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ       100.53 MHz
SLVNT CDCL3










10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ       399.78 MHz
SLVNT CDCL3






























220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0.0 -10.0
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ       100.53 MHz
SLVNT CDCL3










12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ       600.17 MHz
SLVNT DMSO






































220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0.0
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ       150.92 MHz
SLVNT DMSO










12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ       399.78 MHz
SLVNT DMSO






































200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0.0
OBNUC 13C
EXMOD BCM
OBFRQ       125.65 MHz
SLVNT DMSO















12 11 10 9 8 7 6 5 4 3 2 1 0
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ       600.17 MHz
SLVNT DMSO


































200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ       150.92 MHz
SLVNT DMSO










12 11 10 9 8 7 6 5 4 3 2 1 0
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ       399.78 MHz
SLVNT DMSO


































220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0.0
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ       150.92 MHz
SLVNT DMSO










12 11 10 9 8 7 6 5 4 3 2 1 0
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ       600.17 MHz
SLVNT DMSO






































220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ       150.92 MHz
SLVNT DMSO
















12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 -1.0
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ       600.17 MHz
SLVNT DMSO


































220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0.0
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ       150.92 MHz
SLVNT DMSO










12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 -1.0
OBNUC 1H
EXMOD NON
OBFRQ       500.00 MHz
SLVNT DMSO


































210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0.0
OBNUC 13C
EXMOD BCM
OBFRQ       125.65 MHz
SLVNT DMSO










12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 -1.0
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ       600.17 MHz
SLVNT DMSO






























200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0.0
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ       150.92 MHz
SLVNT DMSO










12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ       399.78 MHz
SLVNT DMSO


























220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0.0 -10.0
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ       100.53 MHz
SLVNT DMSO










12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 -1.0
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ       600.17 MHz
SLVNT DMSO






























220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0.0 -10.0
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ       100.53 MHz
SLVNT DMSO










12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 -1.0
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ       600.17 MHz
SLVNT DMSO






























220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0.0 -10.0
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ       150.92 MHz
SLVNT DMSO










12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ       600.17 MHz
SLVNT DMSO






























210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0.0 -10.0
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ       150.92 MHz
SLVNT DMSO










12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ       600.17 MHz
SLVNT DMSO






























220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0.0
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ       150.92 MHz
SLVNT DMSO










12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ       399.78 MHz
SLVNT DMSO


































220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0.0
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ       100.53 MHz
SLVNT DMSO















10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ       399.78 MHz
SLVNT CDCL3


































220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0.0 -10.0
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ       150.92 MHz
SLVNT CDCL3










10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ       600.17 MHz
SLVNT CDCL3










































200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0.0
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ       150.92 MHz
SLVNT CDCL3










10 9 8 7 6 5 4 3 2 1 0
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ       600.17 MHz
SLVNT CDCL3






























220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0.0
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ       150.92 MHz
SLVNT CDCL3









10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 -1.0
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ       399.78 MHz
SLVNT CDCL3


































220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0.0 -10.0
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ       100.53 MHz
SLVNT CDCL3










12 11 10 9 8 7 6 5 4 3 2 1 0
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ       399.78 MHz
SLVNT DMSO






































220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0.0
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ       100.53 MHz
SLVNT DMSO










10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ       600.17 MHz
SLVNT CDCL3










































220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0.0
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ       150.92 MHz
SLVNT CDCL3










10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ       600.17 MHz
SLVNT CDCL3


































220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0.0
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ       150.92 MHz
SLVNT CDCL3










12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 -1.0
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ       600.17 MHz
SLVNT DMSO


















220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0.0
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ       150.92 MHz
SLVNT DMSO










10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ       600.17 MHz
SLVNT CDCL3






















220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0.0
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ       150.92 MHz
SLVNT CDCL3










10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 -1.0
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ       600.17 MHz
SLVNT CDCL3


















220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0.0
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ       150.92 MHz
SLVNT CDCL3










10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ       399.78 MHz
SLVNT CDCL3


























220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0.0
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ       100.53 MHz
SLVNT CDCL3
















10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ       600.17 MHz
SLVNT CDCL3






















220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0.0
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ       150.92 MHz
SLVNT CDCL3










10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ       399.78 MHz
SLVNT CDCL3


























220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0.0 -10.0
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ       100.53 MHz
SLVNT CDCL3










10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ       600.17 MHz
SLVNT CDCL3






















220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0.0
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ       150.92 MHz
SLVNT CDCL3
















10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ       399.78 MHz
SLVNT CDCL3


































220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0.0
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ       100.53 MHz
SLVNT CDCL3










10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ       600.17 MHz
SLVNT CDCL3


































220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0.0 -10.0 -20.0
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ       150.92 MHz
SLVNT CDCL3










10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ       600.17 MHz
SLVNT CDCL3






































220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0.0
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ       150.92 MHz
SLVNT CDCL3










10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ       600.17 MHz
SLVNT CDCL3

























220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0.0
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ       150.92 MHz
SLVNT CDCL3










10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 -1.0
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ       600.17 MHz
SLVNT CDCL3



























220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0.0
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ       150.92 MHz
SLVNT CDCL3










10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 -1.0
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ       600.17 MHz
SLVNT CDCL3




































220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0.0
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ       150.92 MHz
SLVNT CDCL3










10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ       600.17 MHz
SLVNT CDCL3

























































































































220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0.0
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ       150.92 MHz
SLVNT CDCL3










10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ       399.78 MHz
SLVNT CDCL3






















































220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0.0
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ       150.92 MHz
SLVNT CDCL3










10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
OBNUC 1H
EXMOD single_pulse.ex2
OBFRQ       600.17 MHz
SLVNT CDCL3











































220.0 210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0.0
OBNUC 13C
EXMOD single_pulse_dec
OBFRQ       150.92 MHz
SLVNT CDCL3
EXREF        77.00 ppm
